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Welcome 


We've so much to look forward to in 2017 and beyond 


We're looking forwards 
to the New Year this 
issue. On page 66, news 
7 editor Elizabeth Pearson 
presents a comprehensive 
« look at the space missions 

set to launch in 2017, and 
\ N into the 2020s. It’s worth 
noting that alongside the Western space 
agencies, India and China are launching 
more missions, and there’s also increased 
activity from the private sector. 

We also look back this issue: in December 
2015 Tim Peake was blasting off from 
Kazakhstan for the International Space 
Station, becoming the UK’s first official 
astronaut in the process. To mark the 
one-year anniversary of his launch Nick 
Spall spoke exclusively to Tim. Read his 
interview on page 44 to find out about the 
lasting impact of his Principia mission and 
how Tim has acclimatised to life back on 
Earth since re-entering the atmosphere. 

Talking of atmosphere, Paul Abel explores 
the cloud-bound world of Venus on page 73, 
specifically the question of the ashen light. 
He ponders whether, now amateurs can 
easily capture quality imaging data, it is 
time to ascribe the phenomenon to the 
subjective nature of visual observations in 
ages past. It’s certainly something to think 
about while observing the planet this month. 

On page 32, Will Gater investigates more 
objects that are well placed to observe this 
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month, giving a fascinating insight into the 
science behind some of this season’s 
brightest and most beloved stars. You'll find 
spellbinding stories of stellar doom, the 
searing radiation of stellar birth and objects 
almost four times hotter than our Sun. 
Enjoy the issue, and Happy New Year! 


Chris Bramley Editor 


PS Next issue goes on sale 19 January 
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ALMA (ESO/NAOJ/NRAO)/M. KAUFMAN 


A gallery of these 

and more stunning 

space images 3 i 
A cosmic Structure resembling an eye peers back 
at astronomers on Earth from 114 million lightyears 
away, but it won't be around for long 


HUBBLE SPACE TELESCOPE & ALMA, 7 NOVEMBER 2016 


‘- “ 


This spiral, eye-like shape was forged through "IC 2163. This cosmic material was thrown 


the interaction of two galaxies located in towards the centre of the galaxy, creating the 
the constellation of Canis Major. The galactic ribbons of star formation and compressed dust 
pair brushed past each other, bumping their that spread out to form the eye-like structure 
respective outer spiral arms in the process. seen in this image. While these ocular formations 
IC 2163 on the left passed behind NGC 2207 on _ surrounding galaxies are not uncommon, they 
the right, and the collision generated a burst of are rarely observed because they last for only 
energy that caused a galactic storm as starsand _a few tens of millions of years: just a fleeting 

gas were violently shaken up on the edges of period in the history of the Universe. 
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ESA/HUBBLE & NASAM ESO/T. STOLKER ET AL, NASA/JPL-CALTECH/MSSS, ESA 
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A A new view of the Crab 


HUBBLE SPACE TELESCOPE, 31 OCTOBER 2016 


In this image the Crab Nebula looks like a ghostly green spectre 
floating through space; certainly different from the intricate, branched 
view of the nebula more commonly seen. This is because it was captured 
by Hubble’s Advanced Camera for Surveys using just one filter, 
resulting in this beautifully simplistic and rather eerie appearance. 


< Sculpting a stellar disc 


VERY LARGE TELESCOPE, 9 NOVEMBER 2016 


Using the SPHERE instrument on the European Southern Observatory’s 
Very Large Telescope, astronomers have been looking at the discs of 
dust and gas surrounding young stars in which planets are born. In this 
image of star HD 135344B, a spiral shape has been carved into the 
surrounding dusty disc by young orbiting planets. The observations 
revealed that these planets could eventually grow to the size of Jupiter. 


EYE ON THE SKY JANUARY 09 


V Meteorite on Mars 


MARS CURIOSITY ROVER, 2 NOVEMBER 2016 

The rock at the centre of this image is an iron-nickel meteorite that fell from the Martian sky 
and was found by the NASA’s Curiosity rover. The rover is equipped with instruments that 
enable it to analyse the rock’s chemical composition, and studies like these help scientists 
back on Earth piece together information about Mars’s geological history. 


Vv Galactic star map 


GAIA SATELLITE, 10 NOVEMBER 2016 

ESA has released this amazing map showing star densities in the Milky Way, created using data 
collected by the Gaia satellite. Launched in 2013, Gaia has already catalogued over a billion 
stars, making it the biggest all-sky survey to date. In this map, brighter sections equate to more 
stars, as seen in the bright galactic centre, the Large and Small Magellanic Clouds below and to 
the right of centre, and the white globular clusters peppering the fringes. 
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CHRIS LINTOTT 
LEWIS DARTNELL 


Bulletin 


The latest astronomy and space 


Our experts examine the hottest 
new astronomy research papers 


PAM ENGEBRETSON 


news written by Elizabeth Pearson 


The huge body of 
water has been 
inferred from the 
nature of the 
Tombaugh 


* 
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Pluto may have 


HIDDEN OCEANS 


A subsurface ocean may be pulling on the dwarf planet's heartstrings 


A liquid water ocean may lie beneath Pluto’s 
surface, pulling its most striking feature, the 
heart-shaped Tombaugh Regio, into line. 

The Sputnik Planitia forms one half of the 
heart, first seen by New Horizons probe in July 
2015. The region lies directly opposite the side 
facing the dwarf planet’s moon, Charon. The 
likelihood of such an alignment happening by 
chance is less than five per cent. Instead, it’s 
thought that the area is more massive than its 
surroundings, and its gravity pulled the planet’s 
axis into its current configuration. 

However, Sputnik Planitia is a deep basin, 
which would at first glance appear to have less 
mass, not more. 

“It’s a big, elliptical hole in the ground, so the 
extra weight must be hiding somewhere beneath 
the surface. And an ocean is a natural way to get 


that,” says Francis Nimmo of the University of 
California, Santa Cruz. 

The basin was most likely to have been created 
by an ancient asteroid impact that blasted away 
a large portion of Pluto’s ice crust, weakening it. 
It’s thought that as dense water pushed up from 
below, the surface slumped to form a basin. This 
then flooded with nitrogen — which either flowed 
down from glaciers on the surrounding mountains 
or froze directly into the basin from the atmosphere 
—to create a layer 7km thick. These two processes 
combined to give the area its greater mass. 

If there was no subsurface ocean there 
would need to be a nitrogen layer an implausible 
40km thick to create the same gravitational 
effect of the area, making a liquid water ocean 
the most likely option. 
> See Comment, right 


COMMENT 
by Chris Lintott 


It's hard to believe more 
than a year has passed 
since New Horizons 
principal investigator 
Alan Stern stood in 
mission control, 
declaring the end of 
what he called the 
reconnaissance phase of 
Solar System exploration. 

Yet it’s now clearer 
than ever that that historic 
week was the real start 
of the New Horizons 
mission. All of the 
spacecraft’s data is 
now safely on the ground, 
and results are coming 
thick and fast. In the past 
few months, we've heard 
about hints of clouds in 
Pluto’s complex layered 
atmosphere. The team 
were intrigued by 
landslides on the system’s 
largest moon, Charon, 
and by their absence 
on Pluto itself. 

Speaking of Charon, 
a recent paper confirms 
the hypothesis that its red 
pole is due to material 
from Pluto. And the list 
goes on. New Horizons 
may not be making 
headlines but its scientific 
mission remains as 
exciting as ever. 


CHRIS LINTOTT co-presents 
The Sky at Night 
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NEWS IN 
BRIEF 


ROUNDEST 
OBJECT 
EVER FOUND 


A star has been 
discovered to be the 
roundest thing in nature 
in a new study. Most 
stars are flattened at 
the poles due to their 
rotation, but Kepler 
11145123 — which is 
two times the mass 

of the Sun and rotates 
three times slower — has 
only been squashed by 
3km over its 1.5 million 
km mean radius. The 
team that made the 
discovery, from the 
Max Planck Institute for 
Solar System Research, 
used fluctuations in the 
star’s brightness to 
measure its shape. 


67P ISA 
DUCKLING 
Comet 67P/Churyumov- 
Gerasimenko’s 
distinctive duck shape 
is more recent than 
thought. Simulations 
show its neck would 
have broken long ago 
if it had been formed 
in this shape. 

“So far, it has been 
assumed that comets 
are original building 
blocks — similar to 
Lego,” says Willy Benz 
from the University of 
Bern. “Our work shows 
that the Lego blocks no 
longer have their 
original form, but the 
plastic that they consist 
of is still the same as in 
the beginning.” 


Abell 1689; look closely and + 
you'll see a number of electric 
blue streaks, the tell-tale 
mark§ of gravitational lensing 


Early dwarf galaxy treasure trove 


UNCOVERED 


The galaxies were gravitationally lensed 


The first large population of early dwarf 

galaxies has been observed with the help of the 
Hubble Space Telescope. The faint galaxies are 
billions of years old, and are thought to dominate 
the most productive period of star formation in 
the Universe’s history. 

Despite being the most numerous galaxies at the 
time and thus important to the growth of the Universe, 
the dwarf galaxies have gone relatively unstudied 
due to how small and faint they are. The dwarfs are 
10 to 100 times fainter than other previously observed 
galaxies from that time. They could only be found 
with the help of a natural phenomenon known as 
gravitational lensing, where the light from a distant 
galaxy passes by a massive object, such as a galaxy 
cluster. The gravity of the cluster causes the light’s 
path to bend as if it were passing through a lens. 
This magnifies the background galaxy, meaning 
much dimmer light sources can be detected. 

When a galaxy is lensed its shape becomes 
deformed, creating distinctive blue arcs. A team at 
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the University of California, Riverside, led by 
Anahita Alavi, searched for these arcs in images 
of three galaxy clusters taken using the Wide Field 
Camera 3 on the Hubble Space Telescope — Abell 
2744, MACS J0717 and Abell 1689. 

Using spectroscopy, the team were able to work 
out that these dwarf galaxies date from between 
two and six billion years after the Universe began. 
This was the most productive time for star 
formation in the Universe, making it an important 
epoch in understanding its history. It’s likely that 
a significant fraction of newly formed stars at these 
cosmic times originated in dwarf galaxies as, 
despite their overall faintness, they produced 
more than half the ultraviolet light — a wavelength 
usually associated with hot young stars. 

While the technique can be applied to more 
galaxy clusters, this first batch will likely be 
targets for the James Webb Space Telescope 
when it launches in 2018. 
https://ucrtoday.ucr.edu 
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Saturn's jet stream mapped 


The observations have shown the jet stream’s dual personality 


atmosphere is highly changeable, most likely 
due to seasonal effects. 

“All these phenomena occur on a different scale 
to a certain extent on our own planet,” says Agustin 
Sanchez-Lavega from the University of the Basque 
Country. “So by studying them in this way on other 
worlds, in totally different conditions, we can make 
progress in understanding and modelling them.” 
www.ehu.eus/en 


The structure of Saturn’s jet stream, the largest 
known in the Solar System, has been uncovered 
using images taken by the Hubble Space Telescope. 
Astronomers used a white spot storm moving 
along the planet’s equator to track the 70,000km- 
wide jet stream both at the surface, where it 
speeds along at 1,100km/h, and 150km further 
down where the speed jumps to 1,650km/h. 
While the deep wind is stable, the upper 


Saturn as imaged by Hubble 
and (inset) the equatorial 
storm, with winds 
unmatched by 

any on Earth 


Mars rocks point to drought 


Meteorites on the surface of Mars driest deserts on Earth. Recent data from 


the Curiosity rover found traces of 

salty liquid condensing in the 

~ =~ Martian soil overnight, but the 
. meteorite findings suggest the 

> surface is still extremely arid and 

has been for millions of years. 
“Evidence shows that more 


have been used to confirm that the 
planet has been devoid of surface 
water for millions of years. = 
The team used observations o—_ 
of meteorites in the Meridiani [7 
Planum, just south of the 
planet’s equator, captured by 
the Opportunity rover to search 
for signs of rust. The amount 
present depends on how much 
liquid water is around, and the 
levels found show that the surface is 
so dry it would take 10 to 10,000 
times longer for rust to reach the 
same levels on Mars as in even the 


than three billion years ago 

Mars was wet and habitable. 
However, this latest research 

reaffirms just how dry the 
environment is today,” says 
Christian Schréder from the 
University of Stirling. 
www:stir.ac.uk 


4 The meteorites were found 
in the Meridiani Planum 


NEWS IN 
BRIEF 


ESA DECIDES 
ITS FUTURE 


ESAs ministerial level 
meeting was held on 
1-2 December 2016, 

in which delegates 

from all 22 member 
states decided on 

the agency's future. 

The ExoMars rover 
project received an 
extra €440 million to 
ensure it is ready to 
launch in 2020, despite 
trepidation following the 
crash of the Schiaparelli 
lander. ESA will fund 
the ISS until 2024, but 
dropped the Asteroid 
Intercept Mission, 

which would have 
investigated ways to 
deflect potentially 
dangerous asteroids. 
Funds have been alloted 
to investigate missions 
with a similar goal. 


MERCURY’S 
GREAT VALLEY 


A colossal valley on 
Mercury has just been 
discovered in images 
taken by NASA's 
Messenger probe, 
suggesting that the 
planet's outer shell 
could have buckled due 
to global contraction. 
Unlike Earth, 
Mercury’s upper rock 
layers form a single 
large plate. As the 
planet has cooled over 
time, this single plate 
has contracted and 
bent, creating a great 
valley 400km wide, 
3km deep and more 
than 1,000km long. 
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Our experts examine the 
hottest new research 


The Milky Way's 


cannibalistic past 


Data from the Gaia satellite reveals previous 


mergers with other galaxies 


? 
Ks 


> Ni one 


), as 


A 


Gaia's first sky map; brighter 
regions correspond to greater 


he Milky Way, our home Galaxy, is 
a quiet place with a violent history. 
While our Galaxy’s disc now seems 
calm and untroubled, many — and 
perhaps most — of the stars that make up the 
Galaxy’s population may not have been born here. 
Instead, they may have formed in small, satellite 
galaxies that were later cannibalised by our own. 
Evidence for this process is everywhere — look at 
the mess the Milky Way is making of the Magellanic 
Clouds — but understanding how important this 
process is, and what effects it has had on the rest 
of the Galaxy is more difficult. Luckily, Gaia, ESA’s 
celestial cartographer, will help enormously. 
Astronomers have just got their hands on the first 
year of Gaia data — including its first sky map, pictured 
above — and are really enjoying it. Take, for example, 
the team led by Amina Helmi of the Kapteyn 
Astronomical Institute in Groningen, which found 
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concentrations of stars 


aa 


CHRIS LINTOTT is an 
astrophysicist and 
co-presenter of The Sky 
at Night on BBC TV. 

He is also the director 

of the Zooniverse project. 


what their paper calls ‘a box full of chocolates’, a 
cornucopia of data on stars in the Milky Way’s halo. 
This region, within which the main disc sits, is 
expected to be full of stars from previous collisions. 
To look for them, the team combined Gaia 
data with that from a ground-based survey called 
RAVE, which included spectra. This is crucial: by 
looking at the distributions of different elements, 
those that don’t belong to the main disc population 
can be flagged as halo stars. Next, the team had 
to work out which stars might reveal common 
origins, and they did this by looking for pairs of 
stars with similar speeds and direction of travel. 
They found many more of these pairs than would 
be expected by chance, and concluded that the 
halo has indeed grown its stellar population 
through accreting other, smaller galaxies, each 
one producing its own set of stars. 
There are some mysteries remaining. More than 
half of the stars in the halo that appear to come 
from such accretion are moving backwards around 


the centre of the Galaxy. This is — at least according 
to those who build simulations of such things — very 
unlikely to have happened by chance. One explanation 
is that these stars might all come from one or two more 
significant events, likely accretion of larger systems. 

Testing this idea relies very much on 
understanding the detail. The paper describes 
ideas that have circulated for decades suggesting 
that the great southern globular cluster, Omega 
Centauri, is actually the core of an ancient dwarf 
galaxy. In this scenario, the dwarf would have 
evolved enough to have a dense clump of stars at his 
nucleus, which is what we see as a cluster today. To 
get it to where it is now would have produced a long 
trail of stars, almost like a comet’s tail, and that can 
be seen in the data — though a single accretion event 
isn’t enough to explain all the retrograde stars. 

This is not, therefore, a final result, but more of 
a preliminary report. With more Gaia data due for 
release each year for the next four years there are 
plenty more chocolates in the box. 


CHRIS LINTOTT was reading... A box full of chocolates: 
The rich structure of the nearby stellar halo revealed by 
Gaia and RAVE by Amina Helmi et al. 

Read it online at https://arxiv.org/abs/1611.00222 
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Cassini enters its final phase 


The 20-year mission is ready for the beginning of the end 


4 Cassini will attempt fo fly between Saturn and its rings, 
a perilous endeavour that has not been attempted before 


The Cassini spacecraft began the final phase 

of its mission at Saturn on 20 November 2016. 
Using a gravitational nudge from Titan, the 
planet’s largest moon, the NASA probe changed 
its orbit to pass from one pole to the other, grazing 
past the outer edge of the ring system as it does 

so. Cassini will perform this orbit 20 times, 
sampling particles and gas from the plane of 

the rings, while also mapping their structure 

to a resolution of 1km per pixel. 

In April 2017, the spacecraft will change orbit 
once again to begin its daring grand finale, when 
it will endeavour to swoop between the planet and 
its rings, the first time such a manoeuvre has been 
attempted. If it survives, the craft will be crashed 
into the planet on 15 September to protect Saturn’s 
potentially habitable moons from contamination. 
https://saturn.jpl.nasa.gov 


All stars are created equal 


A decade-long mystery about how giant stars grow 
may have been solved — they are born in a similar 
way to their smaller cousins, but on a massive scale. 

Most small stars have an accretion disc of gas 
and dust around them when they are young, but 
it was thought the radiation of large stars would 
obliterate any such disc. However, images taken 
with the European Southern Observatory’s 
Gemini Observatory in Chile have shown explosive 
outbursts occurring around giant stars. 

These are thought to originate from clumps of 
gas in the surrounding disc being consumed by the 
young star, releasing a sudden burst with as much 
energy as the Sun emits in 100,000 years. 
www.gemini.edu 


4 It was thought that massive stars would destroy any 
accretion disc, but the bursts detected suggest otherwise 


LOOKING BACK THE SKY AT NIGHT 


January 1991 


On 20 January 1991, The Sky 
at Night team turned their 
gaze to Mars, which the 


images taken during the planet’s 
closest approach to Earth, but 
Hubble had the advantage of 


recently launched Hubble Space 
Telescope had begun to monitor, 
tracking the long-term changes 
across the planet. 

Despite problems with Hubble’s 
mirror, which caused blurred 
observations until it was fixed in 
1993, the scope could determine 
markings on the Red Planet as 
small as 50km. This was of the 
same calibre as ground-based 


being able to take images year 
round, rather than the few days 
around opposition. 

For over a decade, Hubble 
watched the world for changing 
atmospheric features, such as the 


colossal dust storms that covered the 


entire planet. But by 2003 several 
missions were in orbit that could 
permanently monitor the planet, 
and so the project came to an end. 


4 Hubble allowed us to track 
seasonal changes on the Red Planet 
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NEWS IN 
BRIEF 


SENSOR 
CAUSES MARS 
CRASH 
Investigations into why 
ESA's Schiaparelli 
lander crashed into 
Mars on 19 October 
2016 have shown that 
a bad sensor reading was 
to blame. The probe's 
inertial measurement 
unit, which measured 
Schiaparelli’s rotation 
rate, became overloaded 
for an unknown reason. 
This caused the lander’s 
computer to believe it 
was at ground level, 
when in reality it was 
3.7km above the 
Martian surface. 

This caused the probe 
to detach its parachutes 
early, then fire the 
breaking thrusters for 
only a few seconds. The 
probe went into free 
fall, finally impacting at 
an estimated 300km/h. 


STEPHEN 
HAWKING 
TURNS 75 


Renowned cosmologist 
Stephen Hawking turns 
75 on 8 January 2017. 
The scientist is best 
known for his work 

on gravitational 
singularities that arise 
from the theory of 
general relativity, such 
as black holes. His 
book A Brief History 
of Time, published in 
1988, spent 237 
weeks on the Sunday 
Times bestseller list, 

a record that has yet 
to be topped. 


ISTOCK, NASA/JPL, DEUTSCHES SOFIA INSTITUT (DSI), NASA/ESA/DR. PHILIP JAMES/UNIVERSITY OF TOLEDO, 


ESA/ATG MEDIALAB, STEPHEN HAWKING: ©WWW.HAWKING.ORG.UK 
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Our experts examine the 
hottest new research 


Getting under Mars's skin 


The Red Planet's minimal atmosphere could make 
collecting soil samples tricky for our rovers 


Ithough Mars today is considered to 
be exceedingly dry, there is still a tiny 
amount of water thought to be cycling 
back and forth between the atmosphere 
and the regolith soil. In many deserts on Earth 
— such as the Atacama in Chile, which is often taken 
as an analogue site for the Martian surface — the 
cycling of the minimal water available can create a 
thin, hardened crust on top of the dusty soil. This 
layer of cemented soil, just a few millimetres thick, 
is known as a duricrust. And such crusts have also 
been consistently found by Mars probes. 
Duricrust is thought to be formed by salts in 
the dry soil (such as sulphates and chlorides) being 
dissolved in the minimal water and then moving 
up to the topmost surface before the water 
evaporates away again — causing the salts to be 
redeposited. These salt crystals, possibly along 
with clay components, cement together the soil 
particles. This process only requires a tiny amount 
of liquid water, and for just short periods, but over 
time it builds up a crumbly top layer. 
This is an interesting surface process, but one 
that could cause problems for upcoming robotic 
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4 A sulphate-rich Martian 
sandstone spied by NASA's 
Opportunity rover, perhaps 
cemented by water 


LEWIS DARTNELL is an 
astrobiology researcher 
at the University of 
Westminster and the 
author of The Knowledge: 
How to Rebuild our World 
from Scratch (www.the- 
knowledge.org) 


envoys to Mars, say Norbert Komle of the Austrian 
Academy of Sciences and colleagues. In order to 
study the Martian soil, to understand its chemistry 
and look for signs of microbial life, landers need to 
dig up samples and deposit them into their onboard 
analytical equipment. This involves dumping the 
samples into entrance funnels, and any soil 
clumpiness could potentially cause these to become 
blocked. By the very nature of robotic missions, 
even samples collected from deeper underground 
with a drill could spend several days within the 
sampling system before being delivered to an 
instrument for tests. The concern is that over this 
period the duricrust process could begin cementing 
together the soil grains. 

To explore this possibility, K6mle and his 
colleagues investigated the formation of duricrusts 
under simulated Martian conditions in a lab, with a 
focus on how cementation could affect sampling 
mechanisms. They placed samples of Martian 
analogue soil in a chamber recreating the low- 


pressure carbon dioxide Martian atmosphere, 
added trace amounts of moisture, and varied 
the temperature like the Martian days to drive 
cycles of freezing and melting. 

They found that the sampling mechanisms could 
indeed become clogged with clumps of cemented 
grains, especially if the soil has a higher content of 
clay-like material — exactly the samples that might 
offer the best chances for retaining chemical signs 
of past Martian life. Komle suggests that the simple 
solution would be to use funnels with wider exits, 
or apply stronger vibrations in the sampling 
mechanism to break apart clumps. 

On Earth, a researcher could simply poke 
the clumps with a gloved finger. So for me, this 
study really highlights how tricky the robotic 
exploration of other planets can be when everything 
needs to be automated and even mundane issues 
anticipated well in advance. 


LEWIS DARTNELL was reading... Study of the formation 
of duricrusts on the Martian surface and their effect on 
sampling equipment by Norbert Kémle, Craig Pitcher, 
Yang Gao, Lutz Richter 

Read it online at http://dx.doi.org/10.1016/j. 
icarus.2016.08.019 
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Society Remember 


Six big reasons 


© 9 © 


Buying Having Relationship 

a house Children changes 
Family Serious Receiving 
changes illness inheritance 


to make or update your Will 


Having a valid Will is vital to protect your estate and your loved ones, but 61% 
of adults in the UK do not have one in place*. With Will to Remember, writing 
your Will doesn’t have to be daunting: you choose an approved local solicitor 
and receive up to £150 off** the cost of making or updating your Will. 


Find out more about the six big reasons and how we can help: 
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alzheimers.org.uk/willtoremember 
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What's on 


Our pick of the best events from around the UK 


4 Hadfield’s guitar playing was almost as famous as his photos of Earth from orbit 


An Evening with Astronaut Chris Hadfield 


Bristol, Edinburgh, Dublin & London, throughout January 


Chris Hadfield visits the UK and Ireland 
for a tour looking back on his 35-year 
career as a military pilot and astronaut. 

An Evening with Astronaut Chris 
Hadfield includes videos from the 
Canadian astronaut’s personal 
collection, as well as highlights 
and memories from his time on the 
International Space Station, including 
the filming of his famous performance 
of David Bowie song Space Oddity 
from Earth orbit. 

Hadfield has had an amazing career 
that has seen him take three trips into 
space, orbit Earth 2,600 times, live on 
the ocean floor in a NASA underwater 


BEHIND THE SCENES 


laboratory and take on the role of the 
space agency's Director of Operations in 
Russia. His is quite a story to tell, making 
this a must-see event for those interested 
in spaceflight and the limits of human 
endurance. Word also has it that on the 
night Hadfield will be performing a 
special rendition of the Bowie song that 
made him a viral YouTube star. 

The evennt is coming to Bristol's 
Hippodrome, the Usher Hall in 
Edinburgh, Dublin’s BGE Theatre and 
London’s New Wimbledon Theatre. 

For more information on dates, venues 
and ticket prices, go online. 
www.uniquelives.com/chris-hadfield-uk 


THE SKY AT NIGHT IN JANUARY 
GIG Four, 8 January, 10pm (first repeat EIEN Four, 12 January, 7.30pm)* 


ESA's Gaia satellite aims to create the 
first ever 3D map of the Milky Way 


STELLAR SECRETS 

January’s episode of The Sky at 
Night is all about stars: those 
burning balls of plasma that 

have fascinated humanity for 
millennia. This month the team 
look at the first data release from 
ESA’s galaxy-mapping Gaia satellite 
and reveal some of the strangest 
stars in the Milky Way. 


*Check www.bbc.co.uk/skyatnight 
for subsequent repeat times 
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An Introduction to Pulsars 


John Anderson Building, University of Strathclyde, 
Glasgow, 19 January, 7.30pm 


Astronomer Dame 
Jocelyn Bell Burnell 
discovered the first 

radio pulsars in the 
1960s. In this talk for 
the Astronomical Society 
of Glasgow, she gives 
an introduction to these 
massive dense stars and 
reveals how they can be 
used to explore some of Einstein’s ideas about gravity 
and relativity. Admission is free. Information about future 
free lectures is available on the society's website. 
www.theasg.org.uk 


Protecting Space for 


Future Generations 


Clanfield Memorial Hall, South Lane, Clanfield, 
13 January, 7.30pm 


Prof Richard Crowther, 
chief engineer at the UK 
Space Agency, discusses 
the debris left in space by 
humanity and the future 
problems this could cause. 
This talk for Hampshire 
Astronomy also looks at 
the issues arising as we 
reach out into space, including the possibility of a 
cosmic arms race. The event is free for members 
and £3 for non-members. 

www.hantsastro.org.uk 


Swansea Star Party 


National Waterfront Museum, Swansea, 
13 January, 7pm 


Join Swansea 
Astronomical 

Society for an 
evening of stargazing, 
offering beginners 
the chance to chat to 
experienced amateur 
astronomers and 
observe through a 
variety of telescopes. The event will also include talks 
given by members of the society. Admission is free. 
www.classroominspace.org.uk 


Visit our website at www. What's on 
skyatnightmagazine.com/ 

whats-on for the full list of 

this month’s events from 


around the country. 


To ensure that your talks, 
observing evenings and star 
parties are included, please 
submit your event by filling 
in the submission form at the 
bottom of the page. 
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t has been an 

amazing year 

for space and 

astronomical 
discoveries, and what 
better time than the end 
of the year to review 
some of the highlights. 
Many big stories have 
hit the headlines — these 
are my three favourites, 
and what followed 
after the cameras and 
reporters left. 


A PASSION FOR SPACE JANUARY 21 


A PASSION FOR 


PAC 


with Maggie Aderin-Pocock 
The Sky at Night presenter reflects on three of the 
great discoveries that rocked our world in 2016 


Having an exoplanet like 
Proxima Centauri b so 
close is exciting, but there 
is no consensus about 
whether the planet fits our 
definition of habitability 


Planet Nine 
The year started with a 
hypothetical bang as 
scientists at CalTech 
predicted the existence 
of a ninth planet orbiting the Sun, based 
on the movement of several Kuiper Belt 
objects (KBOs). The inclination of their 
orbits indicated the presence of a body in 
this region of the Solar System with a mass 
around 10 times that of Earth and a highly 
elliptical orbit — spanning 200 AU at closest 
approach and 1,200 AU at its farthest. 
Evidence for the existence of Planet 
Nine has continued to grow as teams 
across the world have looked at other 
KBOs and determined that their orbits 
are also likely to be influenced by a large, 
distant object. Yet confirmation still 
eludes us. Calculations to determine where 
the planet might be in its 20,000-year 
orbit are being worked on right now. It 
is hoped that by this time next year it 
will finally have been found. 


Gravitational waves 
In February, hot on the heels of the 
Planet Nine, the detection of gravitational 
waves was finally confirmed — just over 
a hundred years after Einstein made his 
prediction of them. Gravitational waves 
are ripples in spacetime; we get the 
strongest and most detectable signals when 
two or more massive objects collide. The 
detection that confirmed the existence of 
gravitational waves was a collision 
between two black holes, which was 
actually made in September 2015 by 
the Laser Interferometry Gravitational 
Wave Observatory (LIGO). Months of 
painstaking work then followed to verify 
the result prior to the announcement. 

Two more detections of gravitational 
waves have been made since. One has been 


verified as another 
collision between black 
holes, the other is still 
undergoing analysis. 
What makes them so 
exciting is the fact that 
we now have an entirely 
new way of examining 
our Universe. 


Proxima Centauri b 
My favourite discovery 
of the year has been the 
detection of Proxima 
Centauri b, an Earth- 
sized planet orbiting 
the closest star to us after 
the Sun. Over the years 
I have reported on many 
Earth-like planets out 
there, but this one’s closeness to us 
is tantalising. Astronomers are currently 
examining the planet in more detail. 

It’s unfortunate that Proxima b’s orbit 
does not take it directly in front of its 
star. This means we are unable to do any 
spectral analysis, which would have 
given us an insight into the chemical 
composition of the planet’s atmosphere. 
However, the announcement of the 
Breakthrough StarShot project last April 
— which aims to build light-propelled 
robotic spacecraft — may mean we 
could have a fleet of nano-scale probes 
in the vicinity of Proxima b within the 
next few decades. @ 


Maggie Aderin-Pocock is a space scientist 
and co-presenter of The Sky at Night 
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EXCURSIONS 


Jon seeks out a system in Draco that shares a lot of traits with our own 


t’s striking to consider how diverse 

and varied our Solar System really 

is. Baked, rocky Mercury and then 

hellish Venus, whose conditions 
betray the ‘Goddess of Love’ connotations 
that accompany the name. Earth brims 
with life while Mars exudes mystery and 
tantalises with the potential for habitation. 
The gas giants Jupiter and Saturn could be 
considered our Solar System’s proscenium 
arch by an alien observer. Belts, moons, 
comets and asteroids of innumerable 
descriptions lie interspersed among planets 
like festive astronomical garlands. The 
diversity of objects in our home system 
makes you feel rather proud to occupy it. 

How many other systems could be as 

varied and fascinating as our own? A trip 
in the Perihelion across to Kepler 90 ought 
to make a fascinating comparison for us. 
Kepler 90 is a G-class star very similar to 
our Sun, 1.2 times its radius and weighing 
in at 1.2 solar masses. But it’s younger 


than our star, just two billion years old — 
about half the Sun’s age. With its apparent 
magnitude of +14.0, it’s visible in the 
northern hemisphere using a large 
telescope in the circumpolar constellation 
of Draco, the Dragon, 2,454 lightyears away. 
Kepler 90 has a very busy system around 
it, comparable to ours with seven confirmed 
exoplanets. It’s as though this star system 
could be twinned with our Solar System, 
just like my hometown of Ormskirk is 
twinned with Cergy-Pontoise in France. 
Rocky, terrestrial worlds circle the star 
in the closest orbits. The most outward 
planet we know of is Kepler 90 h, and 
that’s where we'll steer the Perihelion to 
make our observations on this voyage. 
It’s a spectacularly impressive gas giant 
in its star’s habitable zone, with the same 
radius and mass as Jupiter. It takes 331.6 
days to complete one orbit, broadly 
similar to an Earth year, and at a familiar 
Earth-like distance of 1 AU. 


Parking on a Mars-sized moon 
orbiting Kepler 90 h we see some of the 
incredible visions possible in a busy 
system crowded with the matter and 
debris of planetary formation. This 
particular moon is wrapped in a thick 
atmosphere and a breathtaking ring 
system, which brightly slices through 
the alien sky with a sure and gentle arc. 
As the Perihelion settles, Kepler 90 h 
itself rises, with its own incredible 
rings. Shadows and silhouettes weave 
throughout Kepler 90h and its rings in 
many angular directions and shapes. 

Set within the green aqua glow of 
the alien sky on this moon, the scene 
appears like a tropical, azure ocean in 
the sky — evocative of fancy CGI. Here 
though, this incredible scene is 
mesmerisingly and jaw-droppingly real. 


Jon Culshaw is a comedian, impressionist 
and guest on The Sky at Night 


A NEW MILESTONE IN ZWO'S HISTORY 


THE FIRST DEDICATED 4/3" CMOS DSO IMAGING CAMERA 
color or mono | cooled or uncooled 


AS11600 
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Mega Pixels /f ; A 
} . No Ahh ; . é fe 


ZWO cameras and accessories are available from 
365Astronomy and their dealer network in the UK, NI & Ireland. 
t: +44 2033 845 187 

e: sales@365astronomy.com 

w: 365astronomy.com/ZWOptical 
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STARGAZING 


STAROAZI oy THE 
STARGAZ| NIGHT SKY 


“This Month's 
top prize: four 
Philip’s books 


The ‘Message of the Month’ 
writer will receive four top 
titles courtesy of astronomy 
publisher Philips: Robin 
Scagell’s Complete Guide 
to Stargazing, Sir Patrick 
Moore's The Night Sky, 
Robin Scagell and David 
Frydman’s Stargazing with 
Binoculars and Heather 
Couper and Nigel 
Henbest’s Stargazing 2017 
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What you've been saying 
on Twitter and Facebook 


Have your say at twitter. 
com/skyatnightmag 
and facebook.com/ 
skyatnightmagazine 


@skyatnightmag asked: 
Have you got lucky with 
recent clear nights and 
been out observing? 


@gregoryhogan Yes! 
Amazing clear nights as 
of late. Love the cold air. 


@edbailey1957 Saw M33 
with a 7Omm Celestron 
refractor at 47x. It was 
just a pinwheel wisp of 
light, but | saw it! 


Simon Tye Been lucky 
with clarity and unlucky 
with kit lately. Camera 
and mount put so deep 
away l’ve not been able 
to get it out. 


@sjb_astro | had a lovely 
clear night on 25 Nov. 
Ticked off three more 
objects on my mission to 
sketch the entire Messier 
catalogue :-) 


EMAILS e LETTERS e TWEETS e FACEBOOK 


Email us at inbox@skyatnightmagazine.com 


setaeh astronomy in Gabon 


Iam a founder of Astronomes Amateurs du 
Gabon, an amateur astronomy club here in 
Libreville, Gabon, a little country on the west 
coast of central Africa with 1.8 million 
inhabitants, and I just want to thank you for a 
great magazine. It helps us to make astronomy 
popular in Gabon. Our club started in 2010, after 
a friend living in Canada offered me a 4.5-inch 
Newtonian telescope, and we now have a 
Celestron CPC 9.25-inch telescope, a Celestron 70 
and other devices like binoculars and CCD 


A veil is being lifted 
In striving for darker 
skies, some praise must 
be given to the local 
councils that are now 
introducing LED 
streetlights. Whilst 
the savings in cost 
and the more effective 
downward lighting on 
the road surface is 
obvious, astronomy is another beneficiary. 
Southend-on-Sea is now more than halfway 
to converting every streetlight to LED and may 
well be the first sizeable town to be fully 
converted by next summer. Our astronomy 
group observes a few miles outside of town on 
Foulness Island and even now the reduction in 
orange sodium vapour sky glow to the west is 
evident. I can even begin to see the Milky Way 
from my own back garden. 
Barry Linton, Thorpe Bay U3A Astronomy Group 


cameras. With these we observe the Moon and 
other Solar System objects, promote astronomy 
on social media through our Facebook page, 
and host discovery sessions every weekend in 
Libreville to let people see Solar System objects 
for the first time with a telescope. We are 
looking for sponsors who can help us develop 
astronomy in Gabon. Our goals for 2017 are 

to build the first observatory and the first 
telescope made in Gabon. 

Serge Ebeza, Libreville, Gabon 


Thanks for dropping us a line Serge, and good 
luck with your plans in 2017! - Ed 


You're right, Barry, there are many benefits to LED 
streetlights, but they must still be well designed. That 
means being properly shielded, not too bright and not 
giving off too blue-rich a light. - Ed 


e 
A nice problem to have 
I have been a BBC Sky at 
Night Magazine subscriber 
for a good few years now, 
and I have to admit to being 
a bit of a hoarder when it 
comes to my magazines. The 
pile is so high that my wife 
has deemed it a health and 
safety issue. But I have finally 
found a great use for them: giving them to my 
four-year-old son, Caleb, to make collages. Only 
problem now is, where to put all these pictures!? 
Richard Knott, via email 


I fully endorse the cutting up of back issues to create 
masterpieces like Caleb’s! - Ed. 
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Hotshots 


This month's pick of your very best astrophotos 


A gallery 
containing these 
and more of your 
stunning images 


A Moon montage 


SARAH AND SIMON FISHER, WORCESTERSHIRE, 30 OCTOBER 2016 


Sarah says: “My husband 
Simon and | were delighted 

to have four consecutive clear 
nights in October to image our 
nearest celestial neighbour. 

. The UK skies are usually quite 
changeable but the seeing on these nights 
was outstanding. Each image is a prime focus 
single shot. This isn’t the easiest technique to 
master, but we were thrilled with the results 
and decided to create a montage showing the 
waning gibbous to last quarter Moon.” 


skyatnightmagazine.com 2017 


Equipment: Canon EOS 600D DSLR camera, 
5-inch Maksutov-Cassegrain telescope. 


BBC Sky at Night Magazine says: “This image 
combines Sarah and Simon’s expertise in 
lunar photography with their artistic ambition 
to produce an astrophoto that is both 
scientifically interesting and incredibly 
beautiful. We particularly like the crisp 
craters that appear along the terminator, 
perching on the edge of being swallowed 

by the advancing shadow.” 


About Sarah and Simon: “We're very keen 
amateur astronomers and astrophotographers 
and both remember watching The Sky at 
Night and Patrick from a very young age. 

He was our inspiration to start observing. 
2012 was our first year of astrophotography 
and since then we've photographed Jupiter, 
Mars, Mercury, Saturn, Venus, the Milky Way, 
star trails — the list keeps on growing! 
Astronomy is our passion, and we began 
simply by observing the beauty of the day 
and night sky. All you have to do is look up!” 


| < Witch's 
‘| Broom 
* | Nebula 


SIMON TODD, 
HAYWARDS HEATH, 
31 OCTOBER 2016 
Simon says: 

“| imaged in 
narrowband to 


~~ oe ak, =e 
5 SS 2 capture the specific 
re Oe é P eer 5 
‘Gee és a . Pies. ; wavelengths for 
. Bn “ * "+ =| the Hubble palette. 
~~ a . : ris 
sha Wet: ‘| Rather fittingly, 


| captured the last 
set of data on the 
night of Halloween.” 


Equipment: Atik 


PP) 38314 mono CCD 


camera, Sky-Watcher 


ere, ae om Quattro-8CF 


Dual-Speed Imaging 
Newtonian. 
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A Fly me to the Moon 


TIM AMY, PUENTE SAN MIGUEL, CANTABRIA, SPAIN, 

10 OCTOBER 2016 

Tim says: “They say that photography is all about timing! I’d just seen 
a plane fly on the identical flight path and thought it would be a good 
shot. | looked to the left and saw another plane following, so grabbed 
my camera to see if | could get this shot... and I did!” 


Equipment: Sony Cyber-Shot DSC-HX300 camera. 


<The Wizard Nebula 


JUAN IGNACIO JIMENEZ CUESTA, 
VILLANUEVA DE LA TORRE, SPAIN, 
16 OCTOBER 2016 


a 


Juan says: “I'd wanted to photograph this 
nebula for a long time, but from my location 
images in RGB are complicated by light 
pollution. For this reason | always use 
narrowband filters, because they allow 

me to take long exposures without the 
image being affected.” 


Equipment: QHYCCD QHY9M mono CCD 
camera, APM TMB105/650 triplet apo 
refractor, Sky-Watcher AZ-EQ6 Pro 
SynScan mount. 


V Stargate 


PETE COLLINS, KINGSDALE, 
YORKSHIRE DALES, 1 OCTOBER 2016 


Pete says: “I love imaging in the Yorkshire 
Dales — the landscapes are breathtaking and 
there’s very little light pollution. This image 
was taken during prime Milky Way season 
for astrophotographers.” 


Equipment: Canon EOS 6D DSLR camera, 
Samyang 14mm lens. 
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V The Heart Nebula 


ALEJANDRO PERTUZ DOMINGUEZ, SORIA, SPAIN, 24 SEPTEMBER 2016 


Alejandro says: “I took this image in a small town called Alcubilla de 
las Pefias, where | go stargazing with friends. I’ve spent several months 
upgrading my equipment; this my third colour image with my new 
setup so I’m really proud of it.” 


Equipment: Canon EOS 1000D DSLR camera, TS Photoline 3-inch triplet 
apo refractor, Sky-Watcher NEQ6 Pro SynScan mount. 


A Hunter’s Moon 


PETER LOUER, TENERIFE, SPAIN, 16 OCTOBER 2016 


Peter says: “The north of Tenerife is very green and lush with lots of 
trees. About a mile away to the east of my house is a treeline on top 
of a hill, which gave me the perfect opportunity for this shot. | used 
The Photographer's Ephemeris app to work out when the rising full 
Moon would be in the right place, then waited, praying that the 
clouds wouldn't roll in.” 


Equipment: Canon EOS 700D DSLR camera, 55-250mm lens. 


< M33, The 
Triangulum 
Galaxy 


GARY OPITZ, 
ROCHESTER, NEW 
YORK STATE, US, 

6 OCTOBER 2016 
Gary says: 

“| consider M33 to 
be one of the most 
beautiful spiral 
galaxies to 
photograph. Since 
it’s so close to us in 
the Local Group and 
nearly face on, the 
spiral structure 
appears beautifully.” 


Equipment: ZWO 
ASI 1600MC cooled 
camera, Telescope 
Engineering 
Company APO140 
ED refractor, Orion 
Atlas mount. 


ENTER TO WIN A PRIZE! 


ALTAI2 — ASTRO We've joined with Altair Astro UK to offer the winner of 


next month’s Hotshots an Altair Astro Premium CLS-CCD 
Filter with UV/IR Block & AR Coating, for reducing the effects of light pollution and Moon or skyglow 
when imaging with DSLR, CCD or CMOS cameras. www.altairastro.com ° 01263 731505 


Submit your pictures via www.skyatnightmagazine.com/astrophotography/gallery or email 
hotshots @skyatnightmagazine.com. T&Cs: www.immediate.co.uk/terms-and-conditions 
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Orion's Belt-serves as | 


- a launchpad.to seven 


*.. of the season's most. 
intriguing stellar stories 


Betelgeuse 


Of all the stars in the winter sky, Betelgeuse 
(Alpha Orionis) is arguably the one that 
prompts the most excitement and intrigue. To 
the eye it looks like a sparkling, orange-hued 
point of light, but decades of scientific study 

— some conducted using the most powerful 
astronomical facilities in existence today — have 
shown that a thrilling story is unfolding far away. 

“Betelgeuse is‘a red supergiant with a radius 
in optical light of about 4.5 astronomical units 
—in other words, almost the size of the orbit 
of Jupiter,” says Dr Anita Richards, who has 
studied the star as part of her research at the 
University of Manchester’s Jodrell Bank 
Centre for Astrophysics. 

Betelgeuse hasn’t always been this bloated, 
ruddy leviathan however. It was once a hot 
O-type star, like Mintaka in Orion’s Belt is. 

It would have had a blueish-white colour 
and would have also been more massive 
than it is now — perhaps around 20 times 
the mass of the Sun. 

“Such massive stars have much hotter cores 
than the Sun with faster nuclear fusion, using 
up most of their hydrogen [in] a few million 
years,” explains Richards. “Fusion [of] heavier 
elements such as helium and carbon takes 
over, but the outer layers cool and expand; the 
increase in size means that the luminosity grows 
as the star becomes redder.” 

It’s this process that has created the 
Betelgeuse we know today, but it’s what will 
happen at the end of its life that excites many 
astronomers. “It will probably:take at least 
a hundred thousand years for Betelgeuse to 
exhaust [its] fuel for nuclear fusion,” says 
Richards. “Finally when it runs out, its inner 
layers are no longer supported by radiation 
pressure and collapse, releasing roughly as 
much energy in an instant as the Sun radiates 
in 8,000 million years — a supernova.” 

This violent detonation will be a truly 
breathtaking sight in our skies. “It will be 
brighter, as seen from Earth, than any other 


4 Infrared images reveal the ‘flames’ of Betelgeuse, 
a cloud of gas the star is shedding into space 


supernova in recorded history so far,” says 
Richards, “as brilliant as the full Moon and 
visible in daylight.” 


WHERE TO FINDIT . 


This month you'll find Betelgeuse high in the 
south at around 23:00 UT. It’s easily visible on 
the left shoulder of Orion as you look at it with 
the naked eye. Key to finding it is identifying 
Orion itself, which is probably best achieved by 
locating the unmistakable trio of stars known 
as Orion’s Belt. Betelgeuse is just under 10° to 
the north-northeast of any of them. > 


. Betelgeuse marks 


ca one shoulder of 
Betelgeuse ; 


Orion, Rigel one 
of his feet 


_ Betelgeuse will eventually 
_- explode ‘in a supernova; one 
_ expected to be so bright it will be 
visible from Earth during daylight 
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Like its bright companion Betelgeuse, t 
star Rigel (Beta Orionis) is a supergiant, 1 
times the size of our Sun. But even to th 
eye there’s one striking difference betv 
two stellar behemoths: their colours 
orange-white while Rigel sparkles wit 
Why the difference? It all comes do 
temperatures. The hotter a star is t 

to shine, while cooler stars glow mo: : 
indeed Betelgeuse’s surface tempe: 
3,300°C while Rigel’s is roughly 11. 


WHERE TO FINDIT 


Rigel is one of the few stars in the wi 

is so bright that it can be seen easily f 

light-polluted city centres and suburban areas: 

From a dark-sky site it isa blazing point of light at__ —_ Zs 

the right foot of Orion. In the first week of January — : — ee be siperGianrRigel is. 
it sits close to due south at around 22:20.UT. . : : : 


member of the 
@ ® 
W Orionis 


Less famous than either Betelgeuse or Rigel, the scientific story 
behind the star known as W Orionis is no less intriguing. It has 
an atmosphere that swirls with large amounts of carbon. 

“For a star to become carbon rich, something called the 
dredge-up needs to happen several times so that carbon from 
the inner parts of the star gets to the surface and [is] released to 
its atmosphere,” explains Dr Lizette Guzman Ramirez, an ESO 
Fellow based at the Leiden Observatory in the Netherlands. Taya W'Orionis | 

This churning has occurred within W Orionis as it has aged. The ; 
carbon can absorb blue wavelengths of light from the star; this, 


combined with its relatively cool temperature, means it has an 
exquisite red hue — something that’s obvious through a telescope. 


WHERE TO FIND IT 


Although it’s on the cusp of naked-eye visibility, it’s easier to 
hunt down mag. +6.1 W Orionis with binoculars. One way of 
finding it is to imagine a rough equilateral triangle tilted on 
its side, the base of which is marked by Mintaka and Bellatrix 
(Delta and Gamma Orionis). W Orionis is at the apex. 


This unassuming dot 
is a deep red stellar 
wonder - a carbon star 


Practical project 


The deep red of W Orionis is a wonderful sight to see, but it’s even clearer in 
photos. In this project we'll use a simple astrophotography technique to bring 
out the star’s striking colour and all you need is a DSLR, a lens with a focal length 
of 50mm or similar and a static photo tripod. First mount your camera on the 
tripod, check W Orionis is in the view and then focus the image. Then take 

four or five 30-second exposures and stack them together in software such as 
Startrails (http://www.startrails.de/html/software.html) to create an image that 
shows the star field ‘trailing’ as the Earth rotates. By using a 50mm lens you 
should be able to capture some of Orion's other bright stars in the field of view 
and so when you compare their trails to that of W Orionis the remarkable ruddy 
hue of the latter should be very obvious. 


MARK GARLICK/SCIENCE PHOTO LIBRARY, ISTOCK, WILL GATER X 2, ESO/IDA/DANISH 1.5 
M/R.GENDLER/J.-E. OVALDSEN AND A. HORNSTRUP, CHRISTOPH KALTSEIS/CCDGUIDE.COM 
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Four bright stars 

make up the trapezium 
outline, but there are 
others in the cluster besides 


Cast your eyes towards the stars 
of Orion ona crisp winter’s night 
and you may — if youre far enough 
away from the ravages of light 
pollution — be able to glimpse 

a fuzzy star at the heart of the 
Hunter’s sword. What you are seeing 
is in fact not a star but the magnificent 
Orion Nebula, M42. This enormous, 
sprawling, mass of dust and gas clouds 
some 1,350 lightyears from us shines in 
our night skies due to a cluster of hot, 
young stars embedded within it, known 

as the Trapezium Cluster. 

These infant stars are thought to have 
emerged from the nebula roughly one million 
years ago. Their story began as material in 
the nebula coalesced together to form dense 


WHERE TO FIND IT 


The Trapezium Cluster sits within 

the bright central part of the Orion 

Nebula, which is itself located 
within a pattern of stars often 
referred to as Orion’s Sword. The 
easiest way to find M42 is to scan your 
telescope south from the central star 
in Orion’s Belt, called Alnilam (Epsilon 
Orionis), by a little over 4° until you come 
across the nebula and the embedded cluster. > 


The cluster sits at thesheart 
of the Orion Nebula, M42 


Practical project 


Few celestial objects are as captivating as 
the Orion Nebula seen from a dark-sky site, 


clumps within the then cold, dark clouds. but for keen stargazers just starting out in 
These clumps grew and grew until nuclear astronomy spying the four most prominent 
fusion reactions fired up in their cores and the stars of the Trapezium Cluster, within M42, 
stars within the cluster were ‘born’. is a rite of passage; so in this project 


we're going to cover a few additional tips 
for tracking them down. Assuming you've 
managed to locate the Orion Nebula in 


As the stars started to shine they began to 
emit huge amounts of powerful radiation, which 


streamed out into the gas and dust around them. your telescope using our tips above, the 
Slowly a vast cavern — whose sweeping walls first thing to note is that the Trapezium itself 
glowed brightly due to this onslaught of intense is much smaller in angular diameter than you 
ultraviolet radiation — was sculpted into their might think — you'll need to use a magnification 


of at least 75-100x to get a pleasing view of it. 
As we've already mentioned, the cluster resides in 


; : ; the brightest part of the nebula, but if you need another 
Orion Nebula around it today: an extraordinary signpost to it, look for the nearby ‘dark’ region of nebulosity 


tableau of star formation sketched in ethereal (shown in the sketch, inset) that ‘points’ the way to it. 
celestial light across the winter sky. 


maternal nebula too. And that’s what we see when 
we look at the Trapezium Cluster and the beautiful 
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"5 ‘Aldebaran 


Dazzling Sirius is the brightest 
star in the night sky — at least 
until Betelgeuse goes supernova 


+ 


Sirius 


No discussion of the science of the winter stars 
would be complete without mentioning dazzling 
Sirius, the alpha star of Canis Major. There’s no other 
star that rivals it in the heavens at this time of year, 
and it’s the brightest star in Earth’s night sky full 
stop. So why does Sirius appear so impressive in 

our skies? Well, it’s a relatively bright star in itself 
but it’s also very close to us too at a distance of 8.6 
lightyears. To put that in perspective, brilliant Rigel 
in nearby Orion is over 100 times farther away! 


WHERE TO FIND IT 


Though Sirius may be bright, if you’re new to 
astronomy finding which one of the dazzling 
stars in the winter sky it actually is can still be a 
challenge. Thankfully there’s a little trick you can 
use. If you can find the much more recognisable 
Orion’s Belt, it actually ‘points’ in the direction 
of Sirius, if you follow the line of the belt down 
from right to left. 
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Aldebaran:sits on the 
edge of the Hyades, 
but.is not part of it; 
itis. a foreground star 


Aldebaran 


Compare Aldebaran (Alpha Tauri) to Betelgeuse 
and yow d be forgiven for thinking that the two 
are very similar stars — they’re alike in colour and 
not very different in brightness. Both are swollen, 
ageing stars in fact, but Betelgeuse is much more 
massive. “Aldebaran is only about 1.3 times the 
mass of the Sun,” says Dr Anita Richards. This 
means that Aldebaran’s eventual demise will be 
very different from Betelgeuse’s. Instead of creating 
a supernova it will slowly shed its outer layers to 
form a beautiful glowing planetary nebula with 

a white dwarf at its centre. 


WHERE TO FIND IT 

At the start of January Aldebaran is high in the 
south at around 21:45 UT. The V of the Hyades 
star cluster is a helpful signpost to the star, but 

if you have trouble finding that use an imaginary 
line extending northwest from Orion’s Belt to 
point you in the direction of the stars of Taurus, 
and thus the Hyades. 


Sirius is located in 
Canis Major, leading 
to its nickname of 
‘the Dog Star’ 


The Plei 


Clusters like M45 are what 
remain after the nebulosity 
of star formation falls away 


If the. Traperitin Clsteri in thé rion 
Nebula is a vision of. the birth of stars, * 
then the magnificent Pleiades, or’ M45, in 
the constellation of Taurus shows what 
happens as these glittering collections 
of stars age and evolve. After open star 
clusters emerge from their maternal 
nebulae they drive away the gas and dust 
around them before slowly scattering 
into the surrounding Galaxy. 

That’s precisely what we're seeing 
when we look at the many members of 
the Pleiades, which are thought to be 


ades. | we 


*. and orbit history within the Milky 


125 million years old: = were looking 
at a grouping,of young stars that are 
no longer swathed inthe dense, often 
glowing, nebulosity associated with their 
formation. Over time the stars within the 
Pleiades will likely disperse further. 

In fact it’s thought that our very own 
star, the Sun, may have once belonged 
toa star cluster like M45. Astronomers 
believe they’ve even been able to track 
down one of the Sun’s siblings, a star 
within the constellation of Hercules 
known as HD 162826. Its composition 


ay matches the Sun’s, yet it ig: now . 


. “110 eye from us. 


WHERE TO FIND THEM 
The Pleiades sit about 14° to the 
northwest of the bright star Aldebaran. 
At the end of this month you'll find the 
cluster high in the southwest sky around 
21:15 UT. If you can’t spot it with the naked 
eye try scanning along a line roughly 
northwest from the Hyades star cluster 
with a good pair of binoculars. 
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YO U R Access this month's online 
content for interviews with 


BO Hw US Wolszezan and Frail, the men 


behind the groundbreaking 


CONTE NT first exoplanet discovery. 


29= 


EXOPLANETS 


In January 1992 the first confirmed discovery of an exoplanet 
was made. Paul F Cockburn looks at how the search for 
alien worlds has progressed in a quarter of a century 
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he idea of alien worlds circling 
distant stars is hardly new; 
as far back as 1584, Italian 
philosopher 


by “an infinity of 

s of the same kind 
t own”. Over the 
past century, numerous 
authors, TV directors 
and film producers set 
their stories on planets well beyond our 
own Solar System. But in the summer 
of 1991, it seemed that alien worlds were 
finally about to switch from science 
fiction to science fact. 


From a planet in orbit 
around a pulsar you 
would be able to see its 
pulses — lighthouse beams 
probing the darkness 


servations carried out at Jodrell 
ank Observatory in Cheshire had © 
parently detected a planet orbiting 


_ apulsar, the dense remnant of an 


exploded star. Pulsars are so called 
because, thanks to their rapid rotation, 
the béams of light they emit sweep across 
Earth at regular intervals. From our 
perspective, pulsars appear to flicker 
like a lighthouse beam, and the rate at 
which the pulses are seen from Earth 
implies the pulsar’s spin rate. 

Dr Marek Kukula, Public Astronomer 
at the Royal Observatory Greenwich, was 
working on his PhD at Jodrell Bank at the 
time and well remembers the excitement. 
“We knew that something strange was 
going on, because everyone was getting 
a bit cagey,” he says. “Then we were told 


“In the summer of 1991, it seemed 
that alien worlds were finally 
about to switch from science 

fiction to science fact” 


that they’d found a signal in the data that 
could only really be interpreted as an 
Earth-sized planet orbiting the pulsar.” 
Unfortunately, the team at Jodrell Bank 
soon discovered a systematic error in the 
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software used to analyse the pulsar data. 
Once corrected, the detectable ‘drag’ on 
the pulsar’s spin, thought to have been 
due to an unseen planet’s mass, vanished. 
Yet immediately after Jodrell Bank’s 
Andrew Lyne had officially retracted 
his team’s findings at the January 1992 
meeting of the American Astronomical 
Society, held in Atlanta, he was followed 
on stage by Aleksander Wolszczan, 
principal author of a paper about to be 
published in Nature that detailed his 
own detection of at least two planets 
around another pulsar. This was to be 
the first confirmed discovery of planets 
outside the Solar System. 


Millisecond mystery 
Wolszczan, based at the National Astronomy 
and Ionosphere Center at 
the Arecibo Observatory 
in Puerto Rico, was 
particularly interested 
in ‘millisecond pulsars’, 
which spin hundreds of 
times a second. He had 
found it difficult to 
devise a sufficiently 
accurate mathematical model to explain 
how one particular millisecond pulsar, 
designated PSR B1257+12, was behaving. 
“Every time I came up with a model and 
then took some more data, the model > 
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> failed to predict 
the pulse arrival 


times,” he admits. 


Following a 
concentrated 
observation 
period of 

almost a month, 
Wolszczan began 
to see a regular 


WHAT'S IN 
A NAME? 


The scientific names of exoplanets usually 

consist of two elements: a proper noun or 

abbreviation, sometimes with associated 
numbers, followed by a lowercase letter. The 
first element is the common or astronomical 
catalogue name of the host star; the second a 
lowercase letter (not including ‘a’) designating 

the planet's order from the star. So the 
innermost planet around the pulsar 


independently 
confirmed 
several months 


glitch in the rate 
that the pulses 
reached Earth. 

Many pulsars have 
companion dwarf stars 
providing material and energy, but 
Wolszczan realised that the observed 
peculiarities in these pulses were best 
explained by the existence of “two 
planetary mass objects” around the star. 
Unlike the Jodrell Bank team, Wolszczan 
knew that his result wasn’t simply down to 
“something in the data analysis software”, 
as he had previously observed another 
binary pulsar that had not shown the same 
irregularities. Wolszczan’s findings were 


The discovery of hot Jupiters 
gives us clues as to the state 
of the Solar System during 
the Late Heavy Bombardment 
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Wolszczan studied — the first confirmed 
exoplanet — is officially designated 


PSR B1257+12 b. 


later. Then in 1995 
an exoplanet was 
detected around the 
Sun-like star 51 Pegasi. 
This ‘hot Jupiter’ — a massive 
gas giant in close orbit around its parent 
star — also came as a complete surprise. 


Clues about our home 
“What I think is really cool about those 
discoveries is that by finding these really 
weird types of planets and planetary 
systems, we’ve actually learnt new things 
about our own,” says Kukula. “We know 
these ‘hot Jupiters’ can’t have formed 

so close to their stars, so they must 


51 Pegasi and its surrounding 
area of the sky; inset: an 


artist's impression of 51 
Pegasi b, the progenitor of. 
the first ‘hot Jupiter’ found 


have formed farther out and moved in. 
Suddenly you have this idea that planets 
can move from their original formation 
sites. You can start to see all these subtle 
signs that actually, in the early days of our 
own Solar System, there was quite a lot 
of movement: Jupiter and Saturn moving 
in, Neptune and Uranus perhaps being 
pushed out and even swapping places.” 
It’s even proposed that this gas giant 
ballet is likely to have caused the Late 
Heavy Bombardment, a period (about 
half a million years after the formation 
of the Solar System) during which huge 
amounts of material were fired towards 
the inner planets. “You can argue that, by 
finding and studying these hot Jupiters 
around other stars, we’ve solved a mystery 
in our own Solar System that is actually > 
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EXOPLANET EXTREMES 


The menagerie of exoplanets we now know of boasts wondrous variety 


THE CLOSEST Proxima b 


In August 2016 astronomers announced that 
our nearest stellar neighbour, the red dwarf 
Proxima Centauri (just 4.25 lightyears distant) 
is circled every 11 days by a possibly rocky 
world capable of possessing liquid water, 
slightly bigger than Earth. 


MOST DISTANT SWEEPS-11 


Detected by the Hubble Space Telescope 
along with SWEEPS-4 in 2006, this giant 

gas planet has a radius 1.13 times that 
of Jupiter and is 27,710 lightyears away. 


THE BIGGEST (POSSIBLY) 
DENIS-P J082303.1-491201 b 


Discovered using European Southern Observatory telescopes 


THE SMALLEST 


in Chile, it is still not absolutely clear whether this companion 
object to DENIS-P J082303.1-491201 is actually an exoplanet 
with nearly 29 times the mass of Jupiter, or a brown dwarf. 


Kepler 37 b (Or is it?) 


This title falls to Kepler 37 b, which orbits a main 


sequence star in Lyra, though the estimated mass 


of PSR B1257+12 b (aka Draugr) could trump it. 


\ rye. THE WEIRDEST 
‘ Take your pick! ; 
ae Carbon-rich 55 Cancri e (pictured) y Zz 
: could be the galaxy’s biggest a 


diamond; TrES 2b is the darkest 
world so far, reflecting only one 
ade per cent of its star’s light; 
o WASP 12b could see ruby rain 
in its upper atmosphere. 
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> quite important to 
understanding how 
Earth is the way it is,” 
Kukula says. 

Today, thanks 
to observation 
platforms such as 
the Kepler Space 
Telescope, and the 
continued refining 
of observational 
techniques, astronomers 
have confirmed the 
existence of more than 
3,400 exoplanets. 

If nothing else, the sheer 
scale of this ever-growing 
list means astronomers 
can now replace some of the terms in 
the Drake Equation, which famously 
attempts to calculate the number of 
active, communicative extraterrestrial 
civilisations in the Universe. “Suddenly, 
over the past 25 years, we’ve been able 


GJ504b # 


4 Exoplanet GJ504b seen in 
infrared; direct imaging reveals 
exoplanets if they are sufficiently 

far from their parent stars 


with numbers that 
are actually pretty 
good estimates,” 
says Kukula. 
“We're homing 
in on getting a 
more accurate 
answer, which 
is tremendously 
exciting. If you think 
that an Earth-like 
planet in an Earth-like 
orbit is the most likely 
place to find complex 
extraterrestrial life, then 
suddenly we can be quite 
confident that those 
kinds of environments 


certain ranges of planets,” says Dr Beth 
Biller of the Institute for Astronomy, 
whose entire astronomical career has 
been focused on exoplanet detection and 
investigation. “Of the major techniques, 
transit and radial velocity are more 
sensitive to Jupiter-sized objects closer 

to the star, while direct imaging is more 
sensitive to objects farther out. Eventually 
they'll meet.” 

Kukula is hopeful. “It does seem like 
there’s a new discovery every other week,” 
he says. “That’s because there is, which 
is an amazing situation to be in. Even 
the fact that we’re so blasé about it just 
shows what astonishing advances have 
been made in the field.” @ 


do actually exist in quite large numbers 
throughout the Galaxy. But is that enough 
for life to exist? Within the next couple 
of decades, that’s a question we’ll probably 
be able to start to answer.” 

So what of the future? “Each 


ABOUT THE WRITER 
Paul F Cockburn 

has been writing 
about science and 
technology since 
1996. He is based 


to replace quite a few of those terms 


WOBBLES AND DIPS 


observational technique is sensitive to 


4 — 


in Edinburgh. 


HOW ASTRONOMERS LOOK FOR EXOPLANETS 


However, the two most 
successful detection methods since 


“For decades we had all 


“You can estimate a planet's 


around Sun-like stars, the technique 


been taught that finding 
planets around other stars 
would be really difficult,” 


1992 have focused on finding 
indirect evidence: the measurable 


mass, its orbital distance, and 
therefore its temperature, its 
density and composition. All from 


that’s going to do that in future is 
probably direct imaging,” says 
Dr Beth Biller of the Institute for 


says Marek Kukula, Public 
Astronomer at the Royal 
Observatory Greenwich. 

“The expectation was that we 
would not have the technology 
to do this for many decades.” 


Astronomy at the University of 
Edinburgh. “It’s been very 
successful with young, giant 
planets and people are working 
really hard on the technology to 
extend it to Earth-like planets. 


the information you can get from 
a shadow and a wobble, without 
ever actually seeing the planet 
itself,” Kukula adds. 

“In terms of detecting lower- 
mass planets in habitable zones 


‘wobble’ in a star caused by the 
influence of an orbiting planet 
(the radial velocity method), or 
the distinctive dip in luminosity as 
the planet transits across the star 
(the transit photometry method). 


Star’s wobble ‘ ¢ Planet 


Planet 


Brightness 
of starlight 


1 


4 Radial velocity reveals planets from their gravitational effect on a star 


> Time 


4 Transit photometry reveals alien worlds due to periodic dimming 
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FEET ON THE GROUND 


One year on from his launch to the ISS, Nick Spall 
caught up with the UK's first official astronaut to find 
out how life back on Earth is going 


n 15 December 2015, Tim 
Peake, the UK’s first official 
government astronaut, 
launched from Kazakhstan 
to the International Space Station (ISS) 
for a six-month orbital mission as a 
crew member of Expedition 46/47. Tim 
returned from his ‘Principia’ mission 
in June 2016, and has been gradually 
adjusting to life back on Earth. He is 
currently based at NASA’s Johnson Space 
Center in Houston, Texas, where he is 
carrying on with his work as part of ESA’s 
astronaut corps. While visiting the UK 
during an outreach trip last month, 
we had an exclusive opportunity to ask 
him some of the things we most wanted 
to know about his mission: what it’s like 
to live in space, spacewalk apprehensions 
and whether he will return to orbit. 


TP: It’s been a very busy time since the 
end of Expedition 46/47 — the Principia 
mission outreach work still carries on 
of course. I'll be based at Johnson Space 
Center for several months, doing the 
normal mission, science and medicine 
experiment debriefing, and will be 
having a ‘return plus 180 days’ medical 
assessment in December. This is to 
evaluate how well my body has readjusted 
to living in a gravity environment. For 
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some of the life science experiments that 
I was involved in I will continue to be 
examined for several years. 

My refresher training will carry on at 
Johnson Space Center, covering the skills 
required for using the ISS robotic arm, 
EVA [extravehicular activity] training 
in the pool there, plus ll carry on with 
fixed wing flight training as occurs for all 
astronauts. There may be an opportunity 
for some helicopter flying with the British 
Army at some point in the future. 

By summer 2017 I'll be back at the 
European Astronaut Centre in Cologne 
to carry on ESA managerial duties, 
possibly including EUROCOM mission 
communications and EVA training. My 
wife Rebecca and the two boys are with 


Tim waits in the wings at the W5 
science and discovery centre in 
Belfast. Since returning from the 
ISS he has given many speeches as 
part of his post-flight tour of the UK 


me in Houston and we will all return to 
Cologne next summer. 


TP: I’m feeling really well. Even though 

I was in great shape when we launched, 

I returned with stronger thigh and arm 
muscles, thanks to the ARED exercise 
machine on the ISS. Some muscles now 
need building up, though. We have 
ongoing physio for the smaller stabilising 
muscles that are required for good balance 
— such as the side of body areas that would > 
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4 Tim Peake and Tim Kopra talking at the Royal Albert Hall in London 


4 Tim signs autographs for an eager crowd 
at the Farnborough International Airshow 


> be covered by sit-ups 
in normal gravity but 
are difficult to work on 
in zero G. I’m back to 
normal run training, 
though I’m not planning 
on completing another marathon any 
time soon! I experienced a two per cent 
overall bone density loss, which is small 
compared to the 18 per cent loss that 
occurred in some early long-duration 
manned missions, but I’m confident that 
will correct itself. We have a Canadian 
life science experiment that uses a 
high-resolution X-ray with computer 
tomography to examine the extreme 
micro-architecture of bone density and 
I'll be having more of those tests. 


TP: Yes, I did notice a change in my 
eyesight whilst on the ISS, but not by 
very much and it has now almost fully 
recovered. During the latter part of the 
mission I did use some reading glasses 
in the evenings — we actually fly those 
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4 The UK astronaut giving a lecture to 
schoolchildren as part of the airshow 


knowing that there is a possibility of a 


slight change in vision during the mission. 


TP: I actually had a great night’s sleep 
before the launch! We were on ‘banker’s 
hours’ which meant an 8.30am rise. We 
launched in daylight but quickly flew 

into the dusk. For the launch, the window 
next to me was covered over, but once 

the nose fairing was jettisoned I could 

see sunlight, the view out, and then the 
blackness of space. 


4 Tim poses with an aspiring young astronaut 
during the Glasgow leg of his UK tour 


4 As well as meeting fans, Tim opened a new 
satellite propulsion manufacturing site in Belfast 


TP: We had trained 

thoroughly for this, but 
y@y it was an exceptionally 

difficult docking. The 

humidity sensor alarm 

had repeatedly triggered 
throughout the six-hour rendezvous and 
actually masked the real problem with 
the thruster sensor when it failed. Yuri 
[Malenchenko] had to control the Soyuz 
in very difficult lighting conditions as we 
transitioned from day into night, with 
only a little light from the spacecraft 
searchlight. Thankfully his cool expertise 
led to a textbook docking. 


TP: You are on a safety tether with the 
NASA EMU [Extravehicular Mobility 
Unit] suit, plus have a jetpack emergency 
unit and so you are safe enough, but you 
must not drift away from the station. My 
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4 Tim’s experiments included this investigation into plant cultivation... 


greatest apprehension was risking damage 
to the space station or spacesuit if you 
come off station — it’s very important 

to maintain concentration and always 
remember to attach yourself with a short 
tether before letting go with both hands. 


Your Expedition 46/47 was involved in 
320 experiments. Twenty five of those 
focused on your body, with extensive 
samples taken. We're interested in 
how you slept in between all that: did 
the cosmic ray light flashes that occur 
in space disturb you, and did you stay 
up late to absorb the view at the end 
of the mission? 


TP: I slept really well. The light flashes 
were very common, but they weren't a 
problem. In the last three weeks of the 
mission it was interesting that all the 
window shutters were closed, as the 
Progress resupply ship was leaking a 
small amount of liquid. So we had few 
chances of looking at the Earth during 
that period, which must be like it is on 
a deep space mission. I missed the view 
of Earth and natural sunlight coming 
into the ISS, but we were very busy and 
got on with it. 

I was working on a complex Japanese 
experiment almost right up to the time 
we needed to don our Sokol spacesuits 
and climb into the return Soyuz, so 
there was little spare time left to stare 
outside at the end anyway. 


You described the feeling of the 
first few hours of gravity back on 
the ground as “the world’s worst 
hangover". How long did it take to 
adjust to gravity and did you have 
accidents, letting go of objects and 


expecting them to float beside you?! 


TP: Within three days you feel much 
better. Interestingly, I couldn’t ever forget 


I was back in full gravity as everything felt 


very heavy to hold and Id have to put it 
carefully down. Maybe a light pen might 
feel different and I'd have been tempted 
to leave it to float off! 


You've said you're keen for another 
mission. The ISS is there until at least 
2024, and ESA is involved with NASA 
in developing the Orion spacecraft. 
What are the chances of another 
flight happening for you? 


TP: After [ESA astronaut] Thomas 
Pesquet this year, Paolo Nespoli will fly 
in 2017 and then Alex Gerst in 2018. So 
there is an ESA slot for the ISS in 2019, 
with future missions beyond. 

The ESA Ministerial Council meeting 
is coming up in December and will 
include discussions on what future 
ESA astronaut possibilities will occur 
for the longer term, and no doubt 
Orion development matters. Future 
UK government funding is obviously 
important but I hope that the Principia 
mission has demonstrated that the 
return on investment for UK science, 
industry and education is worth it. 

We have certainly come a long way since 
the UK officially joined the human 
spaceflight club and committed funds 
to the ISS in 2012. 


Viewing the planet from space, 

did you experience the ‘overview 
effect’ that some astronauts report 
- a type of philosophical ‘oneness’ 
with the Earth? 


4 ...and how human vision changes in low-gravity environments 


TP: Not really, as that probably applies more 
to the Apollo days of seeing the distant 
Earth. However, I was very impressed by 
the fascinating scale of the geological 
formations stretching across the planet. 
The view of Earth from orbit is truly 
mesmerising. Every time I looked out of 
the window I saw something remarkable 

— even after being there for six months. 
The changing weather systems, lighting 
conditions, ISS orbit and magnificent 
aurora never failed to provide a stunning 
view. Seeing all that whilst floating in space 
is a calm and beautiful experience. (S] 


ABOUT THE WRITER 
Nick Spall is a 
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Tim Peake’s new book, Hello, Is This 
Planet Earth? is out now. It includes over 
200 of the best photos that he took from 
the ISS and covers his experiences of 
mission Principia. All proceeds from the 
book go to the Prince’s Trust charity. 
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‘Astrophotography challenges us 
to consider the universe and our place 
in it. It’s an absolute privilege to be able to design 
the tools that hobbyists can use to make their 
own discoveries. 

- Steve Chambers, CEO 


We’re always coming up with new 
ideas for our software. Alongside 

adding new features, we also improve our testing 
to ensure that the latest software is not only better, 
but also more reliable than the previous version. 

- Chris Golden, Software Engineer 


The camera is SUPE R !!!! | decided to sell my 
other camera and get another Atik for my dual 
setup. 

- GK, Atik 383L+ 


The results are frankly stunning in regards to the 
ability of this camera to perform as a linear 
measurement tool. 

- MB, Atik 460EX 
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Find your nearest Atik dealer at 
www.atik-cameras.com 
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Form and function should always go 

hand in hand. Atik products are 
designed not only to look good in the telescope, 
but also to fill the needs of the real astronomer in 
the real world. 

- Rui Tripa, Production Manager 


It’s always satisfying to have a 
heavily used camera in for a service 


and send it back out in near new condition, from 
its inner workings to the images produced. 
- Vince Bygrave, Customer Support 


It was an amazing night out ... the camera and 
software worked amazingly well! WOW! What a 
leap forward for video astronomy! 
- DH, Atik Infinity 

* & . > 
I’m loving the camera — it’s absolutely amazing! 
The TEC cooler is blowing me away! No. more 
imaging at +31C! 
- GI, Atik One 6.0 
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Pete Lawrence is an 


expert astronomer 
and astrophotographer 
with a particular 
interest in digital 
imaging. As well as 


writing The Sky Guide, 


he appears on The 
Sky at Night each 
month on BBC Four. 
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Stephen Tonkin’s 
BINOCULAR TOUR 


Turn to page 60 for six 
of this month’s best 
binocular sights 


THE SKY : 
GUIDE. 
JANUARY 


The Quadrantid meteor shower takes place at one of the chilliest 
times of the year, but it’s often worth braving the cold as you never 
know how active it will be. The Moon is out of the way, so wrap up 
warm and prepare for a long, dark night of meteor activity. 
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2 73 24 2 2 
29 30 31 


SUNDAY 
The waxing 
© crescent Moon 
(11% lit) is 7.7° west of 
mag. —4.2 Venus. From 


the UK, the Moon is below and 
to the right of the planet. 


THURSDAY 
Binocular comet 
A5P/Honda-Mrkos- 
Pajdusakova, currently 
around mag. +7.1, is 
close to mag. +4.1 Theta (6) 
Capricorni this evening. See this 
month's Big Three. 


THURSDAY 


AB) Venus 
1 y de reaches 
greatest eastern 
elongation, 


appearing 47.1° east of the Sun 
and visible in the evening sky 
after sunset. The mag. —4.3 
planet is 22 arcminutes from 
mag. +7.9 Neptune at this time. 
See this month’s Big Three. 


WEDNESDAY 


Vesta 

reaches 
opposition with a 
magnitude of +6.2. 


The minor planet can be found in 
the constellation of Cancer. See 


this month’s Comets and Asteroids. 


MONDAY P 


This evening 


brilliant Venus is 4.5° 


southwest of the waxing 

crescent Moon (18% lit). 
Together they also form a straight 
line with the Red Planet, Mars. 


FRIDAY 
At 00:00 UT the first 
quarter Moon is 4.75° 
from Uranus. Both 
objects are low in 

the west as they approach 

their setting point. 


SATURDAY 


This evening 
Venus appears to 
pass close to mag. 
+3.7 Lambda (A) 


Aquarii. Watch the pair from 
around 17:00 UT. 


THURSDAY 


() Mercury 

ae cade: 
greatest western 
elongation, 24.1° 


from the Sun. The mag. -0.1 planet 
is visible low in the southeast 
around one hour before sunrise. 


Jupiter is 1.8° south of the waning 
gibbous Moon (56% lit) at 07:00 UT. 


FAMILY STARGAZING 


€) The Moon takes just over 27 days to pass once around 


PETE LAWRENCE X 5 


the sky. In early January there’s a great opportunity to 

show how quickly it appears to move relative to the 
more distant stars and planets. Head outside on the Ist around 
18:00 UT and find the Moon aligned with Venus and Mars in the 
southwest: the 11%-lit waxing crescent Moon appears west 
(below-right) of Venus. On 2 January the now 18%-lit Moon will 
have moved east and sits between Venus and Mars. Then, on 
3 January, the 27%-lit crescent Moon appears east of Mars. 
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JANUARY HIGHLIGHTS 


Your guide to the night sky this month 


* Venus 


SUNDAY 


FB) Callisto, the 

lt uiecd 
Galilean moon, 
can be seen 


heading for a close pass of 
Jupiter's southern limb. Minimum 
separation is at 06:15 UT. 


TUESDAY 


or 

pal 
3.3° below 
this morning's 


waning crescent Moon (13% lit). 


< MONDAY 


on 

©) oon 
Dn 
pops out from 


behind the planet at 00:03 UT. 
Jupiter will only be 4° above 
the east-southeast horizon at 
this time (for viewers in the 
centre of the UK), making this 
a challenging event. 


JANUARY 5 


NEED TO 


KNOW 


The terms and symbols 


used in The Sky Guide 


TUESDAY 


The waxing 
crescent Moon 


< WEDNESDAY 


Earth is at perihelion, 


the point in its orbit UNIVERSAL TIME (UT) 
(27% lit) is 5.5° east when it is at its closest AND BRITISH SUMMER 
of orange-hued Mars to the Sun. Today we're TIME (BST) 
in the evening sky. just 147,101,082km (0.983 AU) Universal Time (UT) is the 


from our star. standard time used by 
astronomers around the 


Tonight is the peak of 


the Quadrantid meteor 
shower. Learn more in this 
month's Big Three. 


world. British Summer 
Time (BST) is one hour 
ahead of UT. 


RA (RIGHT ASCENSION) 
AND DEC. (DECLINATION) 
These coordinates are the 
night sky's equivalent of 
longitude and latitude, 
describing where an object 
is on the celestial ‘globe’. 


pod a) Ae WEDNESDAY 


Mercury can qe) The Moon is showing a libration favourable 
be seen 6.8° east of ©... viewing the northeast lunar limb. 
mag. +0.9 Saturn Observing from now until 13 January will also 


at 07:35 UT. View them low give a favourable phase to see features on this 
in the southeast. part of the Moon’s globe close to the Mare Humboldtianum. 


SUNDAY 


(GB) Mos. +1.4 

BP eculus 
(Alpha (a) Leonis) 
appears 1° 


north of the waning gibbous 
Moon (91% lit) in the early 
hours — look out for their 
meeting around 03:50 UT. 


Mare Humboldtianum 


< THURSDAY 


Mercury 

is 4.7° 
southwest of the 
waning crescent 


Moon (23% lit) in the morning sky. 
View approximately 45 minutes 
before sunrise. 


TUESDAY 


© out for 

© spectacularly 
bright Venus: it is 
mag. ~4.6 and in 


the southwest, only 4.5° north 
of the waxing crescent Moon 
(39% lit) from around 18:00 UT. 
Together they form a triangle 
with mag. +1.1 Mars. 


7 FAMILY FRIENDLY 
Objects marked with 

this icon are perfect for 

showing to children 


© NAKED EYE 
Allow 20 minutes for 
your eyes to become 


dark-adapted 


FO) PHOTO OPPORTUNITY 
Use a CCD, planetary 
camera or standard DSLR 


faaal BINOCULARS 


10x50 recommended 


SMALL/ 
+ MEDIUM SCOPE 
Reflector/SCT under 6 inches, 
refractor under 4 inches 


LARGE SCOPE 
Reflector/SCT over 6 
inches, refractor over 4 inches 


olen: samuaa” be 
. Scope 


ak 


GETTING STARTED 
IN ASTRONOMY 


If you’re new to astronomy, 
you'll find two essential 
reads on our website. Visit 
http://bit.ly/10_Lessons for 
our 10-step guide to getting 
started and http://bit.ly/ 
First_Tel for advice on 
choosing a scope. 
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THE B 


DON'T MISS 


The Quadrantids 


WHEN: Peak activity occurs on the 
nights of 2/3 and 3/4 January 


The Quadrantid meteor shower 
© reaches its annual peak on the 
night of 3 January without 


lunar interference, making this an 
excellent opportunity to watch this 
variable rate shower. The shower gets its 
name from the fact that its radiant lies 
within the defunct constellation of 
Quadrans Muralis, the Mural Quadrant. 
This small constellation was located 
north of the kite shape of Bootes, nestled 
between Bootes, Hercules and Draco. 

The shower is active from 28 December 
until 12 January, with this year’s peak 
expected at 14:00 UT on the 3rd. Obviously 
this isn’t ideal for the UK, occurring 
during daylight. Activity typically rises to 
a sharp peak, the highest rates occurring 
over a period of just a few hours. 

The shower is generally listed with an 
impressive zenithal hourly rate of 120 
meteors per hour, but this peak figure 
has been observed to range between 
60-200 meteors per hour. Typically, rates 
exceed 50 per cent of maximum for 
around eight hours centred on the peak. 

From the UK, the best times to keep watch 
for Quadrantid activity are from 22:00 UT 
on the nights of the 2nd and 3rd, through 
to dawn the next day. The waxing crescent 
Moon (19% lit) sets at 21:00 UT on the 2nd, 
while on the next evening the Moon’s 28%- 
lit crescent sets shortly after 22:00 UT. 
Consequently moonlight doesn’t affect 
meteor visibility too much. 


Lunar phase 


) 


3 Jan 
28% waxing crescent 
Sets at 22:14 UT 


Wale sk (Gul|Be 


The three top 
sights to observe 
or image this month 


The Quadrantids show, 
variable activity; some 
years the zenithal 
hourly rate rises as 

. high as 200 


CANES 
VENATICI 


® Alkaid 


Quadrantids 
radiant 


3/4 Jan ; » 
12 Jan 


28 Dec 


* Nekkar 


HERCULES 


“CORONA 
BOREALIS 


The radiant position is low and close to 
the northern horizon at the start of the 
evening. However, throughout the course 
of the night it continues to gain altitude, 
ascending to 70° above the eastern horizon 
by the time astronomical twilight begins 
at around 06:20 UT. A higher radiant is 
better for visual rates. 

The long, cold nights of January make 
this a tricky shower to observe. It’s 
important to wrap up warm and make 
yourself comfortable. Stepping outside 
with a sunlounger or deck chair at this 
time of year may get you some funny 
looks, but will enable you to achieve a 


COMA 
BERENICES 


BOOTES 


Arcturus 


comfortable viewing position. Look up to 
an altitude of around 60° in any direction 
and aim to observe over a minimum 
period of at least 30 minutes. 

The Quadrantid shower is associated 
with minor planet 2003 EH1. Over the 
course of the shower’s activity period, 
which runs from late December through 
to mid-January, the radiant position 
moves approximately 6° east. During the 
peak, the radiant position can be located 
by imagining a line from mag. +2.5 Izar 
(Epsilon (€) Bodtis) to mag. +3.5 Nekkar 
(Beta (B) Boétis), and then extending it 
for half of that distance again. 


4 A bright Quadrantid meteor leaves a trail of ionised gas - known as a meteor train — which becomes distorted due to upper atmospheric winds 
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CANES 
VENATICI 


NGC 4031, 20 Feb 


*Melotte 111 


COMA. , 
@ *BERNICES =P 


Comet positions correct for 00:00 UT on the dates shown 


+ Antares « 


. SCORPIUS ® 


tp 1-14 Jan - Evening object, low in the southwest 
\ , 


15-31 Jan — Lost from view 
1 Feb - Morning object 


Comet 45P/Honda-Mrkos-Pajdusakova 


WHEN: The first week of January 


Comet 45P/Honda-Mrkos- 

Pajdusakova reaches mag. +7.2 

during the first half of January, 
making it a good target for binoculars. 
It begins 2017 in Capricornus, 1.8° 


northwest of mag. +4.8 Eta (yn) Capricorni. 


The 5%-lit waxing crescent Moon sits 
5.3° to the west-northwest of the comet 
(right as seen from the UK), but shouldn't 
seriously interfere. 

On the Ist the comet is predicted to be 
mag. +7.2, brightening fractionally to its 
peak of +7.1 from 3-9 January. After this 


it is expected to wane, dropping to mag. 
+8.0 by the end of the month. Although it 
remains bright enough for binoculars 
throughout January, its physical location 
will probably prevent it from being seen 
after the middle of the month. 

Comet 45P passes close to mag. +6.2 
star HIP 104297 during the early evenings 
on 5 and 6 January. This star is only 
0.5° southeast of mag. +4.1 Theta (0) 
Capricorni. It’s after this that the comet 
appears to track north, but later sunsets 
leading to longer evening twilight periods 


Venus meets Neptune 


WHEN: 12 January from 18:20 UT 


create problems. Sadly, the comet 
becomes tricky to see after 14 January 
unless you have extremely low west- 
southwest horizons coupled with superbly 
clear skies, because it is very low as the 
sky gets dark enough to see it. 

If you can catch a glimpse, on the 
evenings of 20-22 January it appears to 
pass between a trio of deep-sky objects in 
Aquarius: planetary nebula NGC 7009 (the 
Saturn Nebula), globular cluster M72 and 
open cluster M73. On 25 January it is 0.5° 
south of mag. +3.8 Epsilon (€) Aquarii. 


Venus is the brightest 

planet, able to reach a 

peak magnitude of 
—4.9 and capable of casting 
shadows. At the other end of 
the scale we have dim and 
distant Neptune, the only 
planet that cannot be seen 
with the naked eye. Though 
Uranus teases us on the 
naked-eye threshold (though 
still remains challenging to see 
without optical aid from all 
but the darkest sites), Neptune 


is well and truly below it, 
shining at a typical magnitude 
of +7.8 for most of the time. At 
this level of brightness you'll 
need a pair of binoculars at 
least to spot the planet. 

On 12 January, Venus will 
appear as a mag. —4.3 object, 
19° above the southwest 
horizon at 18:20 UT. At this 
time, mag. +7.9 Neptune will 
be just 22 arcminutes to the 
southeast of Venus — that’s 
around two-thirds the apparent 


diameter of the Moon. 
The sky should be 
dark enough for 

both to be visible, 
giving us a rare 
opportunity to see 

the brightest and 
dimmest planets in 
the same field of view of 
a telescope or binoculars. 
With 12.2 magnitudes 
between them, Venus will 
appear a staggering 75,858 
times brighter than Neptune. 


Neptune Venus 


A The brightest and dimmest 
planets will be less than a 
full Moon’s diameter apart 
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THE NORTHERN HEMISPHERE 
IN JANUARY 


WHEN 10 USE THIS CHART 


KEY TO 


STAR CHARTS 1 JANUARY AT 00:00 UT p> ey 
15 JANUARY AT 23:00 UT 
i 
Arcturus STAR NAME 31 JANUARY AT 22:00 UT : ® 
PERSEUS CONSTELLATION On other dates, stars will be in slightly different places : me) 
NAME due to Earth’s orbital motion. Stars that cross the sky eNs o 
GALAXY will set in the west four minutes earlier each night. 8 = 
eens §=HOW TO USE THIS CHART . 
GLOBULAR - 4 a wo 5S ! 
CLUSTER fs a) Os 
= v 
ss 
PLANETARY . ee 
NEBULA ‘ rs T4 
2D. lo On ~ 
DIFFUSE Seco 7 
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fo 
DOUBLE STAR , ~ eB 
Oo 
VARIABLE STAR Zz 
as . 
THE MOON, see : , 2 
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is at the bottom. O " 
COMET TRACK 2. THE LOWER HALF of the chart shows the sky °° \ 
ahead of you. r i” be 
3. THE CENTRE OF THE CHART is the point m Wyo? " 
ASTEROID directly over your head. > per’ ao. 
TRACK i, £5 
) q 2 °° “ny 
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PATH DATE SUNRISE SUNSET 8 % 
1 Jan 2017 08:25 UT 16:01 UT ‘ . i &y 4 
branes he 11 Jan 2017 08:21 UT 16:15 UT ° e val ° 
—_ 21 Jan 2017 08:11 UT 16:32 UT : é 
31 Jan 2017 07:56 UT 16:51 UT 
ASTERISM feo , 
MOONRISE IN JANUARY* 4 “@° 
S@y Planer MOONRISE TIMES & : s 
] Jan 2017, 10:02 UT 17 Jan 2017, 22:46 UT ay 
oo! QUASAR 5 Jan 2017, 11:47 UT 21 Jan 2017, 02:02 UT 5° «14th «=° Peak 15 
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e e 
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JUPITER 
BEST TIME TO SEE: ' : 
31 January, 05:00 UT : s 2 . Moon 


18 Jan 


ALTITUDE: 30° ; 
LOCATION: Virgo . pe & 


DIRECTION: South 

FEATURES: Detailed atmosphere, 
Galilean moons 

EQUIPMENT: 2-inch or larger telescope 


Jupiter 


; o® Spica 
Jupiter is a morning object, rising at 
around 01:30 UT at the start of the 
month but appearing in the sky before 
midnight by the end of January, when 
it pops up above the eastern horizon at 
around 23:30 UT. It’s in the constellation 
of Virgo, not too far from the bright 
mag. +1.0 star Spica (Alpha (a) the Moon and slightly off to diameter will be 39 arcseconds. 
Virginis). The star can be seen 3.6° the right as seen from the At the start of the month 
to the south of Jupiter. UK. Using 7x50 Jupiter culminates 
The planet has a close encounter binoculars, Jupiter will (reaches its highest 
with a 56%-lit waning gibbous Moon be roughly halfway point in the sky) as 
on 19 January. Jupiter and the Moon between the Moon the dawn twilight 
will be separated by 1.8° at 07:00 UT, and the edge of the brightens, but 
just as the dawn twilight starts to take field if you're by 31 January 
hold. This presents an interesting centred on the it achieves 
opportunity to locate Jupiter during Moon’s disc. this position 
the day if you haven’t got a Go-To On 1 January, in darkness. 
mount to hand. For example at 09:00 UT, —_‘ Jupiter shines Jupiter is slowly 
the Moon should be fairly easy to spot at mag. 1.9, losing altitude 
despite the Sun being above the horizon. _ brightening to compared to previous 
_, Using a pair of binoculars, centre the mag. —2.1 by the end years, and now only 
& Moon in the field of view and look for of the month. Through manages to reach a 
Jupiter’s faint disc approximately four a telescope the planet 4 Given clear skies, Jupiter may | '™4ximum altitude of 
apparent lunar diameters below the appears at its best on the be seen with binoculars in the 30° as seen from the 
Moon’s centre. It'll be directly below 31st, when its apparent morning twilight on the 19th centre of the UK. 


4 Jupiter is in Virgo, not too far from bright star Spica; the Moon makes a close pass mid-month 
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THE PLANETS IN JANUARY aarti cout atthe top to show te entation trough ¢tlescope 


VENUS MARS JUPITER SATURN URANUS NEPTUNE 
15 January 15 January 15 January 15 January 15 January 15 January 
MERCURY 
1 January 
MERCURY . 
15 January 
a | 
MERCURY bh ah 
31 January 


ARCSECONDS 
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JUPITER S 
MOONS 


¥) 


JANUARY 


Using a small scope you'll be able to spot Jupiter’s biggest moons. 
Their positions change dramatically during the month, as shown on 
the diagram. The line by each date on the left represents 00:00 UT. 


WEST | EAST 


DATE 

1 

: a, 
3 

4 

5 CS 
6 

7 

8 

9 


8765432 1 


012345 6/7 8 


arcminutes 


VENUS 

BEST TIME TO SEE: 

31 January, 18:00 UT 
ALTITUDE: 27° 

LOCATION: Pisces 
DIRECTION: Southwest 

Venus is an evening object, low 
in the west-southwest as twilight 
takes hold. On the Ist it is 
joined by an 11%-lit waxing 
crescent Moon, which is 8° to 
the west (lower right from the 
UK). Mars is also nearby but on 
the opposite side of Venus to the 
Moon. On the 2nd, the lunar 
crescent (now 18% lit) is east 
of Venus. The planet reaches 
greatest eastern elongation on 
the 12th, when it will appear 
separated from the Sun by 47.1°. 
That evening, the planet is 

23 arcminutes north of Neptune. 
At 17:00 UT on the 14th it is 
5.3° arcminutes from mag. 
+3.7 Lambda (A) Aquarii. 

As the month ends Venus’s 
disc appears 40% lit and 

30 arcseconds across. 


MERCURY 

BEST TIME TO SEE: 

19 January, 07:20 UT 
ALTITUDE: 3.7° (low) 
LOCATION: Sagittarius 
DIRECTION: Southeast 
Mercury is a morning object at 
the start of January. By the 8th 
it can be seen around 70 minutes 
before sunrise close to the 
southeast horizon. Mag. +0.5 
Mercury is joined by mag. +0.9 
Saturn, 7° to the west on that 
date. Greatest western 
elongation occurs on the 19th, 
when Mercury will be separated 
from the Sun by 24.1°. It will 
also have brightened to mag. 
—0.1. Its visibility remains 
reasonably fair through to 

the end of the month. 


URANUS 

BEST TIME TO SEE: 

1 January, 18:30 UT 
ALTITUDE: 45° 

LOCATION: Pisces 
DIRECTION: South 

Mag. +5.8 Uranus is well 
positioned at the start of 
January, reaching its highest 
point due south at 18:30 UT. 


JANUARY 5/ 


It is close to mag. +5.2 Zeta (€) 
Piscium. Telescopically, the 
planet’s tiny, 3.5-arcsecond disc 
has a greenish hue. By month 
end Uranus becomes visible at 
around 19:00 UT, 36° above 
the southwest horizon. 


MARS 

BEST TIME TO SEE: 

1 January, from 18:00 UT 
ALTITUDE: 23° 

LOCATION: Aquarius 
DIRECTION: South-southwest 
Mars is an evening object, visible 
in the southwest as the sky 
darkens. It’s rather disappointing 
through a telescope, having a 
small, 5-arcsecond disc. To the 
naked eye it appears like a mag. 
+0.9, orange star in Aquarius. 
Mars appears 20 arcminutes 
east of Neptune on 1 January. 


NEPTUNE 

BEST TIME TO SEE: 

1 January, 18:00 UT 
ALTITUDE: 24° 

LOCATION: Aquarius 
DIRECTION: South-southwest 
Mag. +7.9 Neptune is in Aquarius, 
visible in the early evening sky. 
It is 2.1° southwest of mag. 
+3.7 Lambda (A) Aquarii on 
the Ist, when it will also be 20 
arcminutes west of mag. +0.9, 
Mars. Mag. —4.3 Venus pays a 
visit on the 12th, passing 23 
arcminutes northwest of Neptune. 
Although Mars and Venus are 
both naked-eye objects, Neptune 
requires binoculars at least. 


SATURN 

BEST TIME TO SEE: 

31 January, from 06:30 UT 
ALTITUDE: 8° (low) 
LOCATION: Ophiuchus 
DIRECTION: Southeast 

Saturn is a morning object that 
barely emerges from the Sun’s 
glare. It is in Ophiuchus and 
appears like a yellowish, mag. 
+0.5 star. It is joined by a 13%- 
lit waning crescent Moon on 
the 24th, the Moon appearing 
3.3° above the planet. Mercury 
makes a swing towards Saturn 
around 9 January, its mag. +0.4 
dot passing approximately 

7° to the east. 


YOUR BONUS CONTENT > Planetary observing forms 
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BLANCHINUS 
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ALIACENSIS 


“Some people have suggested that 
Werner D becomes the brightest feature 
on the Moon's Earth-facing side” 


MOONWATCH 


WERNER 


TYPE: Crater 

SIZE: 70km diameter 
LOCATION: 3.3°E, 28.0°S 
AGE: 1.1-3.2 billion years 
BEST TIME TO SEE: 


First quarter or six 
days after full Moon 
(5-6 January and 
19 January) 
EQUIPMENT: 2-inch 


or larger telescope 


Werner is a prominent, 70km- 
wide crater located roughly a 
~ quarter the way up the Moon’s 

central meridian starting 

& from the southern limb. It 

lies in a region of the southern 
iy highlands that can be hard 
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to navigate, yet it manages to 
hold its own despite this. One 
reason for this is its rather 
youthful appearance. 

Unlike the large and heavily 
eroded craters that surround it, 
Werner maintains a round and 


largely untouched appearance 
with a sharp exterior rim. The 
walls of the crater are terraced, 
leading down to a relatively flat 
floor littered with hills, ridges 
and a central mountain complex. 
Werner has a depth of 4.2km 
and the central mountain towers 
1.4km above the crater’s floor. 
It’s fascinating to watch 
Werner’s appearance change 
with the position of the Sun. 
When the Sun is low over 
Werner, the sharp rim casts a 
dramatic shadow, its height 
variations being amplified as 
the long shadows creep across 
the crater’s floor. As the Sun 
gets higher in Werner’s sky 
sunlight fills the crater itself, 
and here intricate detail in the 
terrace walls can be seen. It’s 
interesting to compare and 
contrast the detail exhibited by 
Werner with the slightly larger 
form of Aliacensis (80km wide), 


Vale SGU 


< Werner's youthful appearance 
- its sharply defined rim and 

relatively smooth floor - make it 
easy to pick out of the highlands 


which lies to the south-southeast. 
Aliacensis is a crater from the 
Nectarian era, estimated to be 
around 3.9 billion years old. 
Consequently, it is more eroded 
than Werner and lacks the 
intricate, delicate fine detail of 
its more youthful neighbour. 

There is one noticeable 
craterlet within Werner: 2km- 
wide Werner D, located just 
inside Werner’s rim boundary 
at the northern edge. Despite 
its diminutive size, Werner D 
makes a big impression because 
of its bright ejecta blanket. This 
can be seen spreading for a small 
distance south, just reaching 
the edge of Werner’s floor. This 
also provides Werner D with 
a larger visual surrounding, 
which helps in identifying it. 

When the Sun is at higher 
elevations — from its late waxing 
gibbous to early waning gibbous 
phases — Werner D’s ejecta 
appears very bright. Some 
people have even suggested it 
becomes the brightest feature 
on the Moon’s Earth-facing 
side. That’s quite some claim 
considering bright features 
such as crater Aristarchus (40km), 
located to the northwest. Of 
course, Aristarchus does have 
the advantage that it and its 
own ejecta blanket are 
considerably larger. 

Werner itself is well known 
as being close to the clair- 
obscur effect that produces 
the Lunar or Werner X. This 
short-lived phenomenon 
occurs just before first quarter 
and lasts for approximately 
four hours. It is caused by 
sunlight illuminating the top 
of the eastern rim of crater 
Purbach (118km) and portions 
of the rims of La Caille (68km) 
and similarly sized Blanchinus. 
At its peak it’s possible to 
make out the giant form of a 
letter X floating in the darkness 
of the terminator. The next 
opportunity to see this from 
the UK will be on 3 February 
from 18:00 UT, then on 
03 April from 21:20 UT. 


JANUARY 59 
COMETS AND ASTEROIDS 


Vesta, the second most massive body in the asteroid belt, comes to opposition 


rises 20-25km from base to summit, 
making it the tallest mountain so far 
discovered in the Solar System. 
From Earth, Vesta — like all objects in the 
asteroid belt — appears as a star-like dot 
‘ ‘ through amateur telescopes. However, it 
CANCER : = e- has the potential to become the brightest of 
21 Jon oe : the asteroids during favourable oppositions. 
wit : Pa : i Its full brightness range swings between mag. 
7 snes _ Vesta . +5.1 and +8.5, which means that at its 
x ae 
TJan yo” “ ° ; GEMINI ° brightest it is visible to the naked eye. 

. . January’s opposition occurs on the 18th, 
with Vesta reaching a maximum brightness 
of mag. +6.2 — on the edge of naked-eye 
visibility. Viewed under an average sky it 
will remain hidden from view, but from a 
dark site, it may just be possible to spot it 
without any optical aid. Vesta remains close 
to peak brightness between the 13th and 23rd. 
4 The minor planet, explored by Dawn in 2011 and 2012, is moving from Cancer into Gemini On opposition night make your attempt 

before 23:00 UT to avoid the 58% lit Moon, 
Minor planet Vesta comes to oppositionin | Dawn mission, the results of which gave us which rises at 23:50 UT. Use binoculars if 
January as it heads out of the constellation _ our first detailed look at this amazing world. you can’t see Vesta with just your eyes. The 


of Cancer towards Gemini. This oblate Vesta’s most prominent feature is505km- _ best way to ‘see’ Vesta is to make a sketch or 
body measures 573x557x446km and is the wide impact crater Rheasilvia—the crater’s | photograph the star field it is in. Do this 
second most massive object inthe asteroid diameter being 90% the diameter of Vesta over several nights and look for the dot that 
belt. It was also one of the targets for the itself. Rheasilvia has a central peak that moves relative to the background stars. 


STAR OF THE MONTH 


Lambda Tauri - the third eclipsing binary discovered varies by half a magnitude 


Lambda (A) Tauri is probably It orbits around the common centre 
one of the easiest eclipsing of gravity formed with its companion, 
binary systems in the sky to find — which is 5.3 times larger and 1.9 
because it has a large arrow times more massive than the Sun. 
pointing directly at it. The arrow The mean separation is just 0.1 AU 
is formed by the V-shaped or around 15 million km. 
Hyades open cluster; just follow The stars are close enough that 
where the V is pointing for 5°. their shapes distort toward one 
For reference, the arms of the another. Consequently we get to - 
V are 4° long themselves. see different shape profiles as they lis TAURUS 
This was the third eclipsing orbit, which ultimately affect the : 
binary to be identified, exhibiting _ binary’s light curve. The dimmer 
similar characteristics to more star is 95 times more luminous than 
famous Algol (Beta () Persei). the Sun but greatly outclassed by 
Lambda Tauri’s period is three the primary star, which is 4,000 
days, 22 hours and 52 minutes. _ times more luminous. 
Se ey The ere ceed ey he lah & Use the ‘arrow’ of the Hyades cluster to find Lambda Tauri 
during the main eclipse, which primary covering some of the The half-magnitude dip during brightness stars in the nearby 
takes 1.1 days to complete. secondary is affected by some of the main eclipse is noticeable. Hyades is a good source. 
The system is 480 lightyears the primary’s light reflecting back Being such a bright star in Taurus, Lambda Tauri is actually a 
away, the eclipsing pair off the secondary. This eclipse is one- you have to move your gaze a triple system: the third member 
comprising a primary that is third as deep as the main eclipse that reasonable distance to locate any _ orbits the inner pair in 33.025 
6.4 times larger and 7.2 times occurs when the dimmer secondary suitable comparison stars. Fortunately, days, but without influencing 
more massive than the Sun. covers some of the primary. the relative abundance of similar the observed eclipses. 
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[M Tick the box when you've seen each one 


1 THE PLEIADES 


The spectacular Pleiades, also known as 

the Seven Sisters, is an easy naked-eye 
object, but put it in the field of small binoculars 
and it is as if a handful of diamonds had been 
tipped onto blue-black velvet. Under suburban 
skies, you should see about 40 stars and in dark 
skies it is easy to lose count of them. Look for the 
many subtle curves and chains of stars, especially 
Ally’s Braid, a chain of 7th- and 8th-magnitude 
stars extending for nearly 1° south from Alcyone, 
the brightest star in the cluster. C1 SEEN IT 


2 THE HYADES 

The Hyades (also designated Melotte 25) 

is next to mag. +1.0 Aldebaran (Alpha (a) 
Tauri), which is a foreground star. The Hyades will 
overflow the field of view of all but wide-angle 
binoculars and you should easily see 30 or more 
stars. It is only 153 lightyears away. In mythology, 
the Hyades were the daughters of Atlas. The tears 
they shed for their brother, Hyas, who was slain 


STEPHEN TONKIN’S 


, BINOCULAR TOUR 


January brings us a starry braid, an unusual 
variable and a band of clusters of varying fame 


by a lion, is the rain that often coincides with 
their heliacal setting in springtime. 1 SEEN IT 


3 CD TAURI 


You can find eclipsing variable CD Tauri 

by hopping across to mag. +3.0 Zeta (¢) 
Tauri, then navigating 5° back towards Aldebaran, 
where you will find a little trapezium of 6th- and 
7th-magnitude stars. The faintest, most westerly 
star of the trapezium is our target. It varies in 
brightness between +6.8 and +7.3 over a period 
of just under three and a half days as one star of 
the pair passes in front of the other. It is unusual 
in that the eclipse minima are very similar, with 


drops of 0.54 and 0.57 magnitudes. 1] SEEN IT 


A NGC 1662 


We switch to larger binoculars for our 

next target, 6.25° from Aldebaran towards 
mag. +0.2 Rigel (Beta (8) Orionis). In 15x7Os, 
open cluster NGC 1662 appears as a winding 
string of stars against an elliptical background 
glow. Unusually, averted vision does not seem to 
affect the number of stars that you can see, 


Vale Sk GullBe 


suggesting that there is a large step in brightness 
between the brighter and fainter members of this 
cluster. With a core diameter of about 10 lightyears, 
it is approximately the same size as the Hyades, 
but is nearly 10 times as far away. C1) SEEN IT 


5 COLLINDER 65 

Large asterisms are ideal for binoculars, 

but the 4°-wide Collinder 65 is often 
overlooked. Use the arrowhead of bright stars 
at the top of Orion — formed by Betelgeuse, 
Meissa and Bellatrix (or Alpha (c:), Gamma (y) 
and Lambda (A) Orionis) — that point to a 
naked-eye misty patch 6.5° north-northwest of 
Meissa on the edge of the Milky Way. You will 
see many chains and groups of stars, with an 
equilateral triple near the south and the orange 
CE Tauri, a semi-regular variable (mag. +4.2 


to +4.5) to the north. 1 SEEN IT 


6 THE MEISSA CLUSTER 


If you look at Orion’s head through 

binoculars, you can immediately see why 
it looks distinctly fuzzy to the naked eye: it is a 
small cluster of stars, also designated Collinder 
69. The dozen or so stars that you can resolve 
are dominated by the brilliant white mag. +3.5 
Meissa — its alternative name, Heka, means 
‘the white spot’. The other two bright stars in 
the field of view are the sapphire blue mag. 
+4.4 Phi’ (') and the yellow mag. +4.1 Phi? (?) 
Orionis, which is actually a foreground star, 
not part of the cluster. CL] SEEN IT 
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JANUARY 6 
THE SKY GUIDE CHALLENGE 


Seek out the hidden stars of the Trapezium Cluster in the Hunter's sword 


Stars A, B, Cand D form 
the main trapezium pattern, 
but there are fainter cluster 
members within and adjacent 
to it. The trapezium itself is 
quite small, measuring 19.2 
arcseconds on its longest side 
and just 8.7 arcseconds on 
its shortest. This means that 
photographing the fainter 
cluster members isn’t as easy as 
it could be as the bright corner 
stars simply drown them out. 

Continuing alphabetically, 
E is mag. +10.3 and located 
approximately 4 arcseconds 
northwest of the mid-point 
between A and B. Star F is 
fractionally brighter at mag. 
+10.2 and located 4 arcseconds 
to the southeast of C. 

Stars G and H are 
significantly harder because of 
10 arcseconds their faintness and positions. 
Mag. +14.5 Gis located within 
the main trapezium shape, 
approximately one-third 
the way from D to A. This 
makes it hard to photograph 
because poor seeing will 
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4 There are many more stars in the Trapezium Cluster than the four that comprise its namesake shape 


The Orion Nebula, M42, must 
be one of the most viewed 
and photographed objects in iricky because the ‘bloat’ the much brighter 
the entire night sky. It’s big, brighter members easily trapezium stars and hide G. 
bright and frankly rather overpower them If you do manage to view or 
spectacular to view through photograph it you’ve caught 
any size of instrument. The something pretty special 
nebula glows because its because G is a ‘proplyd’, 
gas is excited by radiation a term describing an 
from a cluster of young ionised protoplanetary 
stars that have formed disc — essentially a 
within it. Seen through Solar System under 
amateur scopes, the formation. 
cluster appears as four H is somewhat 
close stars and is known easier because it’s 
as the Trapezium. It’s located outside of the 
somewhat confusingly trapezium. It is actually 
also known as Theta! two stars, referred to as 
(0') Orionis. Mag. +5.0 H! and H’, both shining 
Theta? (07) Orionis is 2.3 at magnitude +14.5. 
arcminutes southeast of Locate them by drawing an 
the cluster, still within the imaginary line from E through 
nebula boundary. A, extending it for twice the 
The four Trapezium Cluster distance again. 
stars are relatively easy to see at The final challenge is the 


Photographing the 
fainter cluster stars is 


medium or high magnifications. mag. +15.0 star designated I, x 
The labelling of the stars is a which lies within the main Zz 
bit odd: the brightest, at mag. Orionis A is an eclipsing binary _ eclipsing binary with a period trapezium shape. It sits slightly 5S 
+5.1, is identified as Theta’ that ranges from mag. +6.7 to 6.471 days; it is also the faintest south of the point two-thirds a 
Orionis C. Next inlineismag. — +7.7, witha period of 65.432 days. of the four, dropping from mag. the way from D to A. Like G, = 
+6.7 Theta' Orionis D. Theta! Theta! Orionis B is another +7.9 to +8.5 when in eclipse. H!', H’ and J are also proplyds. 
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DEEP-SKY 


TOUR 


We start the new year with 
six sights visible all year, in 
the vicinity of Polaris 


lM Tick the box when you've seen each one 


1 COLLINDER 463 


This month we're looking at six objects 

close to the North Celestial Pole, all 
of which are circumpolar, meaning they never 
set from the UK. Our first target, Collinder 463, 
lies close to the W of Cassiopeia; look for it 
one-third of the way from mag. +3.4 Epsilon 
(e) Cassiopeiae towards mag. +2.1 Polaris 
(Alpha (a) Ursae Minoris). It is approximately 
20 arcminutes east of the mid-point along a 
line from the stars 42 and 43 Cassiopeiae, 
which are mag. +5.2 and +5.3 respectively. 
The 40-arcminute cluster is fairly dim and 
diffuse, camouflaging itself well against the 
background star field. There’s a quadrilateral 
pattern at its centre, and three of these stars 
are close doubles. Look out for a rather lovely 
pair of mag. +9.8 and +9.9 red stars 0.5° east- 
southeast of the cluster’s centre. F] SEEN IT 


2 NGC 40 


Our next target is 11th- 
wW magnitude planetary nebula 


> 


THE SKY GUIDE 


NGC 40. It lies one-third of the way along 
a line from mag. +3.2 Errai (Gamma (y) 
Cephei) towards variable star Gamma (y) 
Cassiopeiae. A 6-inch telescope will 
reveal its mag. +11.6 central star, but 
precious little structure in the nebula’s 
circular, 38x35-arcsecond glow. An 8-inch 
scope will reveal a more oblate form with, 
at high magnifications, an uneven texture. 
Through a 12-inch instrument a brighter 
arc to the southeast becomes apparent. 
Stare at the central star and the nebula 
virtually disappears, but look slightly to 
the side and it blinks back into view. NGC 40 
is also known as the Bow Tie Nebula, a 
name it shares with NGC 2440 in the 
constellation of Puppis. [1 SEEN IT 


3 NGC 188 


NGC 188 is the most northerly open 

cluster in the sky. It lies 4° from Polaris 
in the direction of Gamma Cassiopeiae and 
has an integrated magnitude of +8.1. In a 
6-inch scope it appears as a large, 
14-arcminute glow with a few brighter field- 
stars of 8th to 10th magnitude, most notably 
around the western edge. An 8-inch scope 
shows it to have a granular texture, brightening 
smoothly towards its core. It is located a long 
way above the plane of the Milky Way. Here, 
the gravitational tidal forces that pull typical 
open clusters apart are reduced and have 
allowed this stellar family to stay together for 
68 billion years. [1 SEEN IT 


A NGC 2276/2300 


Our fourth target is galaxy pair 
jw NGC 2276/2300. They lie 4.1° from 
Polaris in the opposite direction to Epsilon 


< Planetary nebula NGC 40 is 
one of two NGC objects 
said to resemble a 
bow tie; the other 
is NGC 2240 
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THIS DEEP-SKY TOUR 
HAS BEEN AUTOMATED 


ASCOM-enabled Go-To 


mounts can now take you to 


this month's targets at the 
touch of a button, with our 
Deep-Sky Tour file for the 
EQTOUR app. Find it online. 


Cassiopeiae. Mag +10.6 NGC 2276 is a 
face-on spiral with a lopsided, off-centre 
core. It’s visible in a 6-inch telescope, but 
as it has a low surface brightness a 10-inch 
instrument will give a more convincing view. 
It looks like a 1.8-arcminute glow with a 
mottled texture but there’s clearly evidence 
of its disturbed shape. There's a bright, 
mag. +8.0 star 2 arcminutes away just to 
make things that much harder. NGC 2300 
is a mag. +10.8 elliptical, faintly visible in 

a 6-inch scope but again better seen in a 
10-inch one. It can be found 6 arcminutes 
southeast of NGC 2276. [1 SEEN IT 


5 IC 3568 


SS Our fifth target is a planetary 
bw nebula in the ill-defined 


constellation of Camelopardalis, designated 
IC 3568 and sometimes referred to as the 
Lemon Slice Nebula. It gets this nickname 
from Hubble images which show it to look 
remarkably like a slice of said citrus fruit. 
As a planetary nebula, IC 3568 has a 
remarkably uncomplicated spherical shape. 
It appears at mag. +10.7 and with an 
apparent diameter of 18 arcseconds is 
definitely not star-like when viewed through 
a 6-inch scope. A 12-inch scope shows 

a fainter outer ring surrounding a brighter 
core that’s 10 arcseconds in diameter. 
Locate it by scanning two-fifths of the 

way from Polaris towards mag. +3.8 
Kappa (i) Draconis. F] SEEN IT 


6 COLLINDER 464 


Our final target is open cluster 

Collinder 464. Despite being 2° across 
and listed as mag. +4.2, the fact that the 
cluster is sparse and located in a particularly 
spartan region of Camelopardalis makes it a 
bit of a challenge to locate and identify. 
Probably the easiest way to visualise its 
location is to extend the line from mag. +4.4 
Delta (6) Ursae Minoris through Polaris for 
four times that distance again. Collinder 464 
appears as a Y-shaped asterism of four stars 
ranging from mag. +5.4 to +6.2. Its 
redeeming feature is in the beautiful colours 
of these stars, which are best seen at low 
magnification. Two orange stars mark the 
arms of the Y, with blue stars defining the 
base and intersection. [1 SEEN IT 


Print out this chart and take an 


automated Go-To tour 
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ALL PIUCTURES: PETE LAW! 


RECOMMENDED EQUIPMENT 


8-inch or larger telescope, infrared filter, high frame rate camera, optical amplifier 


4 Ganymede’s gargantuan shadow precedes the moon itself for all of January’s transits 


Ganymede is the largest moon in our 
Solar System, and is even bigger than the 
planet Mercury. It’s unsurprising then, that 
when it passes between the Sun and Jupiter 
it casts an impressive shadow onto the 
cloud tops of the Jovian atmosphere below. 
Jupiter’s moons all orbit within a few 
degrees of the planet’s equatorial plane. 
As the planet’s axial tilt is just 3°, shadow 
transits aren’t that uncommon. To see 
one, Jupiter obviously has to be above the 
horizon, preferably in a dark sky and there 
has to be clear weather. Despite being fairly 
common, when you take these physical 
factors into consideration, the likelihood 
of seeing a shadow transit is reduced. 
During January, there will be several 
Ganymede shadow transits, some of 
which are better timed than others. 
The best one occurs on the morning of 
26 January between 02:51 and 05:27 UT. 
Jupiter’s next opposition occurs on 7 April 
and up until that point we get to see 
transits where a moon is preceded by its 
respective shadow. As opposition 
approaches, the time difference between 
shadow and moon transits decreases until 
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opposition, when both line up together on 
Jupiter’s disc. After opposition, a moon 
will transit first, followed by its shadow, 
the gap between both events gradually 
increasing towards the next solar conjunction 
— which in 2017 occurs on 26 October. 
The inner moons, Io and Europa, both 
show similar behaviour and on more 
frequent timescales, but the sheer size of 
Ganymede and its shadow transiting 
makes this event quite special. Outer 
moon Callisto, on the other hand, can 
appear to miss Jupiter altogether despite 
its small orbital tilt. It is also the slowest of 
the four, taking nearly 17 days to complete 
one orbit. Consequently, well positioned 
transits or close passes of Jupiter by Callisto 
can be infrequent, but there is a nice one 
of these too on the morning of 22 January. 
Capturing Ganymede and its shadow 
presents an interesting challenge because 
both are relatively fast movers compared 
to the rotating planet below. A sequence 
of short capture shots works best, but you 
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ey Catching Ganymede's shadow 


need to carefully consider how to present 
the results. This is where an animation 
can really come into its own, revealing 
just how quickly both moon and shadow 
appear to move relative to the turning 
planet. An animated sequence also 
strongly reinforces the three-dimensional 
nature of the Jovian system. 

Another interesting target to consider 
is the surface of the moons themselves, 
especially giant Ganymede. Advances in 
telescope and camera technology now 
present the opportunity for amateurs to 
reveal features on the Galilean moons 
themselves. One trick here is to capture 
the target moon away from Jupiter’s disc. 
It may be hard to ignore the rich beauty of 
the main planet, but if you can steer away 
from it for part of your planetary imaging 
session this can reap great rewards. 

Ideally you need to catch them ina 
portion of sky on their own. This can be 
done by pushing Jupiter out of frame if it 
is nearby, or by creating a sufficiently 
small region of interest on your camera’s 
imaging chip, assuming it has this 
capability, so that Jupiter isn’t in view. It 
should then be possible to stack your 
results on the moon alone. 

So as well as the spectacular Jovian 
atmosphere to image, you have a family 
of four large moons to concentrate on 
too. Recording them and revealing 
features on their surface really hammers 
home just how far amateur planetary 
imaging has come. 


KEY TECHNIQUE 


VARIABLE SPEED LIMITS 

Jupiter rotates quickly, taking nine hours 
and 55 minutes to turn once at its equator. 
This presents a problem because if you spend 
too long recording the image sequence 
the end result will exhibit motion blur. The 


four Galilean satellites also zip around the 
planet quickly and when one appears to pass 
in front of Jupiter's disc, it and its shadow 
present another high-speed imaging 
challenge. Here we're looking at how to 
present a capture of the interaction between 
the giant moon Ganymede and the huge 
shadow it casts on the planet below, an 
event that occurs several times this month. 


Send your image to: hotshots@skyatnightmagazine.com 
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STEP BY STEP 


STEP 1 

A mono high frame rate camera fitted with a red or infrared pass filter 
will create good contrast and stabilise the seeing. If you intend to use a 
colour camera, consider using an atmospheric dispersion corrector (ADC) 
to reduce the effects of colour fringing. A camera capable of grabbing 
30 or more frames per second is recommended. 


STEP 2 

Get Jupiter on 

chip and slew to 
one of the Galilean 
moons. Use this as 
a focusing target. 
It helps to keep a 
high frame rate for 
this, upping the 
gain if required. 
The higher frame 
rate really helps 
you to assess the 
sharpest focus 
position. Although 
not essential, an 
electric in-line 
focuser is a useful 
piece of equipment 
for focusing without 
touching the scope 
and wobbling 

the view. 


Ganymede Shadow Transit - 26 January 2017 
02:51 UT - 05:27 UT 


STEP 3 

If using a colour camera with an ADC, the zero-position lever plane must 
be parallel with the ground. Boost exposure and gain until fringing appears. 
Open the levers to eliminate this. Aim to check and re-adjust your ADC’s 
orientation and lever separation every 15-20 minutes. The levers will 
need to be brought together as the planet gets higher in the sky. 


STEP 5 

Aim for short captures of less than 30 seconds, and between 1,000 and 
3,000 frames. Some capture software allows batch sequencing, just 
ensure Jupiter is centred for each sequence. For editing, the freeware 
AutoStakkert! allows you to drag all files into its processing window. 
Process one file using the planet option and the rest follow automatically. 


STEP 4 

Decide how frequently you want to image Jupiter during a moon or 
shadow transit. The Ganymede shadow transit on 26 January last for 
around two hours and 40 minutes. A 10-minute interval will give you 
16 frames; 32 frames captured at 5-minute intervals will produce a 
smoother animation, so long as you can face the extra processing. 


Processing Cxtert Quality Ontore | Armaton Opters | Ovteut Cptore | Oe Processing 


non 


STEP 6 

Freeware PIPP (hitps://sites.google.com/site/astropipp) can simplify 
the process of creating an animated GIF. Load all Step 5 results as source 
files. Under Processing Options, set Frame Stabilisation Mode to Object/ 
Planetary and Centre Object in Each Frame. In Output Options, set Frame 
Rate to 2. Then in Do Processing, click on Start Processing. 
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_ With a fleet of probes 
being readied for flig 
over the next few years, 
Elizabe 
at the destinations these 
missions will be heading 
to throughout our Solar 


Pearson looks 


System, as well as what 
they hope to uncover 


ABOUT THE WRITER 
Dr Elizabeth Pearson 
is BBC Sky at Night 
Magazine's news 
editor. She has a 
PhD in extragalactic 
astronomy. 
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Mercury 


Only two spacecraft have ever been 
sent to the innermost planet of our 
Solar System, but that number is set 
to double. Two probes will fly to 
Mercury together as part of the 
BepiColombo mission, due for launch 
in 2018: ESA’s Mercury Planet Orbiter 
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and JAXA’s Mercury Magnetospheric 
Orbiter. These two spacecraft will work 
together to provide a complete study 

of the planet’s geology, composition, 
structure and interior when it arrives 
at the planet in 2024. 

The aim is to understand Mercury’s 
place in our Solar System’s creation and 
history. One of the greatest mysteries 
the two the probes will address is that 
of planet’s magnetic field, first detected 
by Mariner 10 in 1974. 

Mercury should be too small to host 
a molten core, thought to drive the 
magnetic fields of other planets; 
uncovering the interior of this world 
will help clarify which planets are 
capable of hosting a magnetosphere, 


both in this planetary system and beyond. 


The Moon 


Since the early days of the Space Race, 

reaching the Moon has been a symbol of a 
country’s prowess as a spacefaring nation. 
But with NASA’s eyes on Mars and Russia’s 


lunar exploration programme suspended until 


2025, it’s time for new players in the space 


4 The Chang’e 3 lander paved the way for 


the first planned mission to the lunar far side 


game fo join the ranks of 
lunar explorers. 

Both China and India 
have already conducted 
lunar missions and both are 
planning on building on their 
successes. Chang’e 5 will 
continue the China National Space 
Administration’s (CNSA’s) robotic 
exploration of the Moon in 2017, 
and return up to 2kg of material 
to the Earth — the first fresh lunar 
samples since 1976. 

Set to launch in 2019, another Chinese 
mission, Chang’e 4, was initially intended 
as a back up to Chang’e 3. Following that 
mission’s success it was reconfigured to 
land on the far side of the Moon, an area 
that has never been visited. 

The Indian Space Research Organisation 


4 Chandrayaan-2 
will be India’s second _ by the end of 2017. Three 


BepiColombo 

‘ comprises two 

¢ spacecraft, one 
made by ESA 

aiid one by JAXA 


JAXA’s orbiter will 
examine the planet's 
magnetic field 


lunar surface — the nation’s 
__ first attempt touch down 
»% on another world. 
But the days of 
: space agencies 
= ©) holding sole claim 
<= to the Moon could 
, = be about to change, 
as a fleet of private 
companies are in the 
final leg of their own 
race to the lunar surface. 
The Google Lunar X Prize 
challenged private groups to 
land a rover on the Moon 
lunar mission companies have arranged 
launch contracts so far. 
After many years of silence, the lunar 
surface is about to get a lot busier. 


G ><) 
LUNAR .N RIZE 


(ISRO) is also hoping to cement its spacefaring 


credentials with the Chandrayaan-2 mission 


in 2018. The mission will land a rover on the 


4 Private companies are also looking to land 
on the Moon, spurred on by the Lunar X Prize 
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Mars 


The Red Planet has had its fair share of 
visitors in recent years, a trend that will 


continue for the next decade as several 


new missions head for Mars. 


NASA will continue its long legacy 


will look for signs of life, past and 
ae present, and try to determine if 


of Martian exploration with the 
InSight (Interior Exploration using 
the Seismic Investigations, 
Geodesy and Heat Transport) 
mission due for launch in 

2018. It is a stationary 

lander that will measure 

the planet's seismological 

and thermal activity to 

work out what's going on 
under Mars’s crust. 


SpaceX has a lofty goal: 
to land humans on Mars 
and establish a colony 


Mars was ever habitable. 
a But the time of robotic 
, dominion over Mars could 
a soon be at an end, as 
~ several key players are 
beginning to make real 
moves towards landing 
humans on the Martian 


one. SpaceX has always been vocal about its 
intention not only to launch a manned Mars 
mission, but also to set up a permanent base 
there. As a first step the company plan to fly 
and land a modified version of the Dragon 
module, currently used to send supplies to the 
International Space Station. This robotic 
mission, slated for 2018, could be a first step 
towards the century long journey of making 
humankind a multi-planet species. 


GO MIYAZAKI, ESA - SCIENCEOFFICE.ORG, ESA/ M. CARROLL, TWINKLE/SSTL, ESA - C. CARREAU, NASA’S 


NASA/JPL-CALTECH/CORNELL UNIV./ARIZONA STATE UNIV, SPACE X, NASA/JPL-CALTECH X 2, ESA, ISTOCK, 
GODDARD SPACE FLIGHT CENTER, NORTHROP GRUMMAN, ESO/M. KORNMESSER 


surface. Both Chinese and 
US officials have stated a 
desire to start crewed missions 
to Mars over the next few decades. 
4 InSight will examine However, it might not be a 
the Red Planet's government agency to put the first 
internal geology person on Mars, but a commercial 


In 2020, not one but two 
new rovers will launch for the 
Red Planet - NASA’s Mars 2020 
rover and the second phase of 
ESA’s ExoMars mission, which 
began in 2016 with the Trace Gas 
Orbiter. Both of these missions 


> The ExoMars rover 
will look for signs of 
life past and present 


The rubble of our Solar System’s 

formation survives all around 

in the form of asteroids. 

Though mostly found 

in the asteroid belt, 

there are hundreds of 

these space rocks that 

regularly cross Earth’s 

orbit, making them a 

tempting target for study. 
Two missions to visit 

these cosmic wanderers are 


followed by NASA’s OSIRIS-REX, 
which set off for asteroid 101955 
Bennu in 2016. Once there 
it will use gas jets to blast 
dust and rock off the 
surface before returning 
them home in 2023. 
But robotic missions 
can only do so much, 
and NASA is currently 
planning an audacious 
mission to send humans to 


Orion crew module, which itself is still in 
development and hopes to fly in 2021. 
This would be the first time such studies 
have been performed on the primordial 
bodies in space, rather than being returned 
to Earth. The mission would also provide 
a test bed for technologies that could 
one day take humanity deeper into the 
Solar System. Asteroids may prove a vital 
part of such endeavours, as mining them 
could provide raw materials for building 
spacecraft in orbit, as well as water. This 
could can be split into hydrogen and 
oxygen, and used in rocket fuel. 


already underway, and both 
hope to return samples to 
Earth. JAXA’s Hayabusa-2 
spacecraft launched in 2014, 
bound for asteroid 162173 Ryugu. Once 
the probe arrives in 2018 it will obtain 
three samples, one of which will be 
excavated using an explosive charge, 
returning them in 2020. Its launch was 


one of our rocky neighbours. 
The Asteroid Redirect Mission 
(ARM) will send a robotic 
probe to a near-Earth asteroid 
in the 2020s, retreiving a boulder weighing 
several tonnes from its surface and 
transfering it to Earth orbit. 

From there, NASA will stage a series of 
manned missions to the boulder using the 


4 Hayabusa-2 
will gather three 
asteroid samples 


4 NASA hopes to use ARM to manoeuvre a 
large boulder into Earth orbit for closer study 
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The Solar System beyond the asteroid belt 
has remained relatively unexplored since 
the Voyager probes passed through three 
decades ago. But the giants of the outer 
Solar System will soon be giving up their 
secrets, as several missions to visit this 
mysterious region are planned. Juno is in 
the process of mapping out the largest of 
the gas giants, Jupiter, but it is this planet’s 
companions that will be the next targets. 
ESA’s first mission to Jupiter, the 
Jupiter Icy Moons Explorer (JUICE) is 
currently being designed to make detailed 
observations of not only the planet, but 
three of the Galilean moons — Ganymede, 
Callisto and Europa. All of these worlds 
could potentially host liquid water oceans 
beneath an icy crust, making them the 
likeliest places to discover life beyond 
Earth. Aiming for a 2022 launch date, 
JUICE will find out not only if such oceans 
exist, but how they came to be and how 
likely it is that such moons are habitable. 
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Meanwhile NASA is planning a mission 
for the late 2020s that will perform multiple 
flybys of Europa, to help us understand its 
geology. Still in the concept phase, there is 
the potential for a lander, but it would not 
be capable of tunnelling through the several 
kilometres of ice to reach the subsurface 
ocean. Luckily, the Hubble Space Telescope 
has spotted jets of water shooting 
hundreds of kilometres above the moon’s 
crust. If the main probe could fly through 
one of these, it could take a sample that 
originated deep within the moon. 

NASA plans to venture even further 
into the outer reaches with its following 
mission — to Uranus. Currently under 
consultation, the spacecraft would orbit 
around the planet, which hasn’t been 
visited in over three decades. Back then, 
Voyager 2 gave us only a handful of 
images of a seemingly placid world. 
Though it’s unlikely we will see such 
a mission before the 2030s, it’s worth 
the wait to see what Uranus hides 
beneath this calm exterior. 


The outer Solar System 


4 JUICE will examine three of the Galilean 
moons: Ganymede, Callisto and Europa 


Europa will be subjected to 
further study in the form of 
a proposed NASA mission 


Beyond the Solar System 


Above: Twinkle, CHE 

and TESS; right: The 
James Webb Space — wh 
Telescope, widely billed 
as Hubble's successoi 


Though much of the focus of future space 
missions is on the planets around us, there is a 
much wider Universe waiting to be explored. 

Exoplanets are one of the hottest research 
topics at the moment and there are several 
new observatories on the way. NASA’s 
Transiting Exoplanet Survey Satellite (TESS) 
has already been built, ready for launch later 
in 2017. It will search the whole sky for 
exoplanets, but its main aim is to track down - 
Earth-sized planets around nearby bright 
stars. Once found, those similar to our own 
world would be prime targets for follow up 
study by the Characterising Exoplanet Satellite 
(CHEOPS), which ESA is building for a 2018 
launch. Looking at already known exoplanets, 
CHEOPS will be able to determine their 
precise orbital properties and radii. 

The next goal will be to understand the 
atmosphere that surrounds these worlds. 
The. UK-built Twinkle satellite, which has just 
finished its design phase and is planned 
to launch in 2019. Its aim is to capture the 


* 0.01 per cent of starlight that shines through 


an exoplanet’s atmosphere, which can 
then be untangled to reveal what 
chemicals compose it. 

Perhaps the most anticipated tool in the 
exploration of exoplanets, however, is the 
James Webb Space Telescope. From 2018 
onwards, this amazing infrared telescope 
could be used to look at these distant 


planetary atmospheres, and will be able to 
do much more besides. Touted as the Hubble 
Space Telescope’s successor, the JWST will 
be able to study everything from the origin 
of the Solar System to the first light that 

ever shone in the Universe. 

ESA plans to extend its own cosmic vision 
with the construction of two deep space 
observatories — Euclid in 2020 and Athena in 
2028. These will help to identify the structure 
and geometry that govern our Universe, 
and to unlock the answers of how the cosmos 
we know came to be. @ 


Turn the page for a breakdown of 
upcoming space missions > 
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@ @ 
Future missions 
AT A GLANCE 


There are dozens of missions set to take flight in the next decade, but where will they be headed? 


| 
| 
| 


at 


NASA X’8, ESA X 8, CNSA, ISRQ GO MIYAZAKI, SPACE X, NORTHROP GRUMMAN, ISTOCK X 7 


~~ 


—- => 
Europe (ESA) 


US (NASA) 


CHANG’E 5 
Type: Lunar lander 
Goal: Sample return 


_ GOOGLE LUNAR X PRIZE CANDIDATES 
» Type: Lunar lander and rover 
.. Goal: Dependant on winner 


HAYABUSA-2 


Type: Orbiter 
Goal: Asteroid sample-return mission 


B CHEOPS 
Type: Satellite 
Goal: Exoplanet measurement . 


a” * 


JAMES WEBB SPACE TELESCOPE (JWST) | -_ ”- 
Type: Space observatory ' Sigs 
4 Goal: Infrared imaging : 
CHANDRAYAAN-2 
at . 
Type: Lunar orbiter, lander and rover 
- Goal: Mineralogical and geological survey 


ae, * 
EXOMARS 2020 


Type: Mars rover 
Goal: Habitability search 


JUICE 
Type: Orbiter 
Goal: Observe Gallilean satellites at Jupiter 


EUROPA CLIPPER 
Type: Orbiter 
Goal: Habitability study of Europa 


NEPTUNE ORBITER MISSION 
Type: Orbiter 
Goal: Planetary observation 


skyatnightmagazine.com 2017 


TESS 
Type: Satellite 
Goal: Exoplanet search 


BEPICOLOMBO 
Type: Mercury orbiter 


Goal: Geological and magnetospheric survey 


OSIRIS-REX 
Type: Orbiter 
Goal: Asteroid sample-return mission 


INSIGHT 
Type: Mars lander 
Goal: Seismic and geological survey 


RED DRAGON 
Type: Spacecraft 
Goal: Test flight to Mars 


y 
CHANG’E 4 


Type: Lunar lander and rover 
Goal: Mineralogical and geological survey © 


MARS 2020 


Type: Mars rover sss 


Goal: Habitability search 


EUCLID 
Type: Space observatory 
Goal: Observing the early Universe 


PLATO 
Type: Satellite 
Goal: Exoplanet characterisation 


ATHENA 


Type: Space observatory 
Goal: X-ray imaging 


ARM 


Type: Crewed § 


Goal: Redirect and survey asteroid 


Where to study the 


You can learn more about the Universe 
by taking an astronomy course. There's 
a wide variety on offer, covering all age 
groups and levels of experience, to help 
you take your interest further. 


UNIVERSITY OF 
CENTRAL LANCASHIRE 


As one of the world’s leading providers of distance learning astronomy 
study, UCLan offers a range of part-time courses starting from University 
Certificates up to Honours Degree level. University Certificates are single- 
module awards designed for people with no prior knowledge of the 
subject. They can be used towards more advanced awards leading to our 
BSc (Hons) Astronomy. Visit www.studyastronomy.com for more 
information. 


UCLan’s BSc (Hons) and MPhys (Hons) Astrophysics, based at our well- 
appointed and modern campus in Preston, provide essential training in 
understanding the physical concepts that govern our Universe. 

Visit www.uclan.ac.uk/courses for more information. 


@ 01772 892400 enquiries@uclan.ac.uk 
www.studyastronomy.com 


ADVERTISEMENT FEATURE 


PLANET EARTH EDUCATION 


A popular and long standing provider of astronomy distance learning 
courses. All courses enjoy an excellent reputation and a certificate is 

awarded for each completed course. Students have easily accessible, 
one-to-one contact with their tutors. Five astronomy courses available: 


- GCSE Astronomy - for a certificate 

- PEC Nature of the Planets — learning for fun about the solar system 
- PEC Nature of the Stars — learning for fun about the night sky 

- PEC Astronomy — to GCSE standard but without the exam 

- PEC Advan ced Astronomy - for the more dedicated student 


Also available: The Mobile Stars Planetarium — an exciting educational 
experience for children in schools and for scouting groups. 


TF 0161 653 9092 
planeteartheducation.co.uk 


QUEEN MARY UNIVERSITY 
OF LONDON 


mage credit? ESO/VISTA/J. Emerson. acknowledgment: 
Cambridge Astronomical Survey Unit ° 


School of Physics and Astronomy 

Follow your passion for astronomy at a Russell Group university. The 
MSc Astrophysics and PGCert Astronomy and Astrophysics offer 
excellent access to leading researcher expertise and a wide range of 
taught modules and project options. Both programmes are available 
part time, with lectures timetabled to suit those in full time work. 
Drawing on the broad expertise of the School’s Astronomy Unit, 
programmes cover such diverse topics as the origin of the universe, 
dark matter, dark energy, galaxies, the life and death of stars, black 
holes, extrasolar planets, the solar system, space and solar plasma 
physics and research methods. 


@ 0207 882 6958 
astro.qmul.ac.uk/msc-astrophysics 
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The ashen light has never 
been photographed. This 
simulation shows what many 
have reportedly seen: 

a coppery glow on the 

dark side when the planet 

is in a crescent phase 


ihe 
ASHEN 


LIGHT 


Fact or Fiction? 


For hundreds of years, astronomers 
have pondered whether there is 
any truth to testimonies of a glow 


illuminating the dark side of Venus. | Srussine 


astronomer based 


Paul Abel explores this centuries- | sttheuniversity of 


Leicester. You can 


old astronomical anomaly piesa ulate 


PETE LAWRENCE 
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ver the past decade, our space missions 
have revealed some spectacular things 
about the worlds in our Solar System. 
We've seen water fountains on Enceladus, 
methane lakes on Titan and vast icy mountain 
ranges on Pluto. We know more about the other 
worlds that orbit our Sun than at any other point 

in human history. 

Yet in spite of that, one of our nearest neighbours 
continues to tease us with a 400-year-old mystery. 
The ashen light of Venus is rather like an 
astronomical ghost story: it would be easy 
to dismiss the phenomenon as a romantic 
relic of a bygone era were it not for a small 
number of consistent observations made 


by seasoned planetary astronomers 
well into the 21st century. As we see 
Venus return to our evening skies, it 
brings this ancient puzzle, and now 

is a good time to ask: will we ever solve 
the riddle of the ashen light? 

The story starts in the 17th century. 
On the evening of 9 January 1643, Italian 
astronomer Giovanni Riccioli turned his 
telescope towards Venus. On that date Venus 
would have appeared as a crescent, with a phase 
of about 29 per cent. As Riccioli looked, he 
noticed that the dark side of the planet — which 
is normally invisible — appeared to be glowing 
with a faint greyish light that he called “The 
ashen light of Venus’. 

The next reported sighting came in 1714 when 
William Derham, who was a Canon of Windsor, 
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the ashen light remains so 
elusive when you compare 


observed it with his telescope and described the 
ashen light as a ‘dull rusty colour’. Sir William 
Herschel also observed the phenomenon on a 
number of occasions. The British astronomer 
Thomas William Webb caught sight of the light on 
31 January 1878 with his 9.4-inch reflector. Using 
magnifications of 90x and 212x, he noticed that the 
light had a slight brown-ish cast. Webb may well 
have been the first person to recommend using an 
eyepiece with an occulting bar — a device that hides 
the brilliant crescent to reduce glare. 


Many sightings, little proof 
There were many sightings of the ashen light in 
the 20th century: in 1940, 1953, 1956 and 1957 

a number of observers reported sightings on 
consecutive nights to the British Astronomical 
Association. Dale Cruikshank, a planetary scientist 
at the NASA Ames Research Center together with 
William K Hartmann, also a planetary scientist, 
made an interesting observation of Venus in 
1962. On 12 November at 7pm, when Venus was 
at inferior conjunction, both Cruikshank and 
Hartmann observed the night side of the planet 
enclosed within a thin ring of light (this would 
have been the extended cusps of Venus). The 


4 Its not hard to see why 


the size of Venus to the 
other body that exhibits 
a reflective dark side 


- our own Moon 


feruindo 1 
lla ceilauinnas , 0 dies nazis falcata & ar~ 


turers Fr. 


Milt Fontan ey 


_ Occideng bun pins @ Veipen 
duley 

ee. ha mae tanta qu 

he tea, Smialperaen in p: 

eon . Prefertiney up 


naudirupn hack, 


§peros aur maculas eile 
vthatas a 


qed 
© AeanaaeT, , 
wpenterinn 


VENERIS 


Vitima Phafis We/perting , cium effer 
Proxima Ovcafui Heliaco, 
@ in Apogeo ke. 
centrict , 

Anno CHRISTY 1649 
luni die 29, ‘ 
Poft quem Soli comune fuit 
Die 7. bulij. 


ope V unica Hae a 
eicopto ipecitne Veneiem eos globulos rset le eg 


4 Giovanni Riccioli 
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SEEING IS BELIEVING 


How to maximise your chances of catching the elusive ashen light 


No one can say when or if the ashen light 
will next appear, but looking at the 
observational records a number of 
interesting things stand out. First, it seems 
that the light is more frequently observed 
when Venus is an evening planet (eastern 
elongations), but even then it is not sighted 
during every elongation and there can be 
many years between reports. 

The phase of Venus has to be below 30 
per cent, so mid February onwards would 


be the time to start looking. The ashen light 


can only be viewed in a dark sky, which 


means the seeing conditions are likely to be 


less than ideal. Don't use a really high 
magnification unless the seeing conditions 
allow for it. Personally | find about 150x 


quite suitable. It might be worth trying some 


filters, too. Observers who have seen the 
light report that orange and green filters 
may enhance the effect if it is present. 

It is important to realise that the brilliant 
crescent will give rise to all manner of 
spurious optical effects. Some observers 
get round this by using an eyepiece that 


night side seemed to be glowing with a brownish - 
colour, quite different from the surrounding blue 
sky. The effect was not uniform and appeared to 


be strongest closest to the thin crescent. 
Sir Patrick Moore was another veteran 


planetary observer who recorded the ashen light. 
Although he sighted it numerous times during 
his long observing career, the event that convinced 


him of the reality of the light occurred on 


27 May 1980. Using his 15-inch reflector at 300x 
magnification, Patrick described the effect as 
‘striking’, with the ashen light strongly resembling 


the effect of earthshine on the Moon. 


One of the great problems with the ashen light 
is that it has never been photographed or imaged; 
all observations are visual and so there is no 
tangible proof that the phenomenon is real. Yet 
not all visual observers have been able to view it. 


Edward Emerson Barnard, for example, 
never managed to see it. I have been 
observing Venus regularly for over 

18 years and I have never managed 

to see the ashen light. 

A number of amateur astronomers 
now believe that it is merely an illusion. 
It is reasonable to suppose that under 
certain conditions the brilliant crescent 
of Venus combined with poor seeing 
tricks the human eye into thinking it 
can see the night side of Venus, when in 
reality it is not visible. > 


4 Look for the ashen light when the planet's 
crescent phase is 30 per cent or less 


contains an occulting bar. Hiding the crescent 
behind the bar can reduce the glow, but even 


then you need to be cautious. 

Most reports indicate that the ashen light 
takes the form of a coppery brown glow on 
the night side of Venus. The glow may cover 
all of the night side, or just a part of it. IF you 
suspect the light is present, try taking an 


A Some astronomers 
say orange and 
green filters can help 


image of it and of course, alert other 
astronomers so that other independent 
images can be taken. If you have more 
than one telescope, try imaging it with one 
and observing it with another, and make a 
drawing so you can compare what you 
have seen with what you have imaged. 
Finally, send your observations to the 
Mercury and Venus section at the British 
Astronomical Association (https://britastro. 
org/sections) so that they can be studied 
and analysed by professional astronomers. 


Patrick Moore claimed to have 

observed the ashen light with his 

\ 15-inch reflector, resulting in 
this sketch - the brightness of 

which he enhanced for clarity 
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> Those who believe in the reality of the ashen 
light have suggested a number of ideas as to its 
cause. We can probably dismiss the suggestion 

of 18th-century German astronomer Franz von 
Paula Gruithuisen, however. He believed the light 
to be caused by fireworks of the Venusians 
celebrating the ascension of a new emperor. 


More theories, more problems 
A more reasonable idea has been advanced 

that the thick atmosphere occasionally thins in 
places, allowing the hot surface to be seen. The 
problem is that this would only be visible in the 
infrared part of the spectrum, well beyond the 
threshold of the human eye. The idea that the 
ashen light is the result of multiple rapid lightning 
strikes in the upper atmosphere of Venus can 
likewise be dismissed, since the flashes would 

be too faint to be seen from Earth. 

The only viable idea left is the oxygen emission 
theory. This suggests that when oxygen atoms 
combine in the planet’s upper atmosphere on 
the night side of Venus, they emit light. This has 
been observed by two Soviet spacecraft, 

Venera 9 and 10. Moreover, the variability of 


4 Lightning illuminating 
the Venusian atmosphere 
is an attractive theory for the 
ashen light, but it would 
not be visible from Earth 


oxygen emission might explain why the ashen light 
is not always observed. 

It seems likely that the enduring mystery of the 
ashen light will not be settled until the phenomenon 
is imaged. Only then will we be able to say with 
any real confidence whether it is really a product 
of Venusian metrology or an artefact of the human 
visual system. As Venus becomes well placed in 
the evening skies at the start of 2017, now might be 
your chance to catch a glimpse of it — and decide for 
yourself whether the ashen light is fact or fiction. @ 


IMAGING THE CRESCENT VENUS 


Pete Lawrence reveals how capture the planet's crescent on camera 


Technically, Venus will be a crescent after 
greatest eastern elongation on 12 January, 
but increasing apparent size and 
decreasing phase make it easier to see 
from the end of January through to March. 

Imaging Venus against a dark sky 
through a telescope produces tricky 
imaging conditions, with multiple reflections 
and unwanted aberrations. Catching it with 
the Sun up, or immediately after sunset is a 
good way to tame the planet's brightness, 
the lighter sky reducing contrast. 


ultraviolet-pass filter (around 350nm) or an 
infrared-pass filter (1,000nm plus). Be 
aware that some telescope coatings are 
quite effective at blocking ultraviolet light, 
and so produce a blank disc. 

The basic imaging procedure is to centre 
the planet, focus accurately and capture a 
high frame rate recording. As Venus is bright, 
keep the frame rate high and the gain low, 
recording several thousand frames. Process 
the capture with a registration-stacking 
program such as AutoStakkert!. 


A monochrome high frame rate camera 4 Bright Venus should allow the use of low The bright crescent can be captured 
with a red or infrared-pass filter is a good gain while maintaining a high frame rate using a DSLR camera attached to a 


choice for this photo, as it makes the blue 


telescope or by using the afocal 


sky appear dark. These longer wavelengths seeing. Detail in the planet's clouds is tricky to _ technique of pointing a camera down 
also less affected by poor atmospheric record, normally achieved using either a the telescope’s eyepiece. 


|6=—ltrWT Ee 


4 Three images of Venus showing, from left to right, the planet captured with an infrared filter fitted; how the combined effect 
of infrared and ultraviolet data reveals cloud detail; and the thin crescent that appears when Venus is close to the Sun 
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Explore the Universe 
with the Smithsonian 


From Saturn’s rings to the heart of the Milky Way, and from colliding 
galaxies to cataclysmic gamma-ray bursts at the edges of visible space, 
some of the most spectacular sights in the cosmos are now as easy to see as 
the stars above. A Visual Guide to the Universe, produced in partnership 
with the Smithsonian, takes you there in 18 lavishly illustrated lectures 
taught by award-winning professor and distinguished astronomer David 
M. Meyer of Northwestern University. 


Among your many adventures, you will orbit Saturn with the Cassini 
probe, see an asteroid up close with the Dawn spacecraft, and search for 
water and life on Mars with the Mars rovers. Looking beyond our solar 
system, you will witness how an armada of remarkable space telescopes 
is uncovering the secrets of the cosmos. Embark on our era’s greatest 
voyages of discovery without leaving home—you'll find the view is truly 
out of this world! 


THEGREATCOURSES.CO.UK/6SAN 
0800 298 9796 


A Visual Guide 


to the Universe 


Taught by Professor David M. Meyer 
NORTHWESTERN UNIVERSITY 


LECTURE TITLES 

1. Probing the Cosmos from Space 

The Magnetic Beauty of the Active Sun 
Mars—Water and the Search for Life 
Vesta and the Asteroid Belt 
Saturn—The Rings of Enchantment 
The Ice Moons Europa and Enceladus 
The Search for Other Earths 


The Swan Nebula 
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The Seven Sisters and Their Stardust Veil 
. Future Supernova, Eta Carinae 
Runaway Star, Zeta Ophiuchi 
. The Center of the Milky Way 
. The Andromeda Galaxy 
. Hubble’s Galaxy Zoo 
. The Brightest Quasar 
. The Dark Side of the Bullet Cluster 
. The Cosmic Reach of Gamma-Ray Bursts 


. The Afterglow of the Big Bang 


A Visual Guide to the Universe 
Course no. 1893 | 18 lectures (30 minutes/lecture) 


DVD £49999 NOW £19.99 


+£2.99 Postage and Packing 
Priority Code: 139365 


For over 25 years, The Great Courses has brought 
the world’s foremost educators to millions who want 
to go deeper into the subjects that matter most. No 
exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream 
to your laptop or PC, or use our free mobile apps 
for iPad, iPhone, or Android. Nearly 550 courses 
available at www.TheGreatCourses.co.uk. 


The Great Courses®, 2nd Floor, Mander House, Mander Centre 
Wolverhampton, WV13NH. Terms and conditions apply. 
See www.TheGreatCourses.co.uk for details. 
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Brush up on your astronomy prowess with our team of experts 


The Guide & 


With 
Stephen Tonkin 


Stellar spectral classifications 


What spectral classes mean, and what they can tell us about a star 


hen you next 

head outside, look 

up at the winter 

constellation of 
Orion and the seven bright stars 
that make up the most famous 
part of its outline. Stare at them 
for a moment, and you will realise 
something you probably took for 
granted — Betelgeuse (Alpha 
Orionis) is a distinctly different 
colour to the others, with a clearly 
ruddy hue. Keep looking, and 
you will be able to spot subtle 
colour differences between the 
remaining six as well. 

Without its spectral classification, 

a star is merely a point of light and 
stellar astronomy is limited to 
astrometry, the study of their 
position and motion. A spectrally 
classified star becomes a wealth 
of information. Its colour and 
surface brightness (light output 
per unit area of surface) are 
determined by its temperature, 
and its luminosity (total light 
output) by a combination of its 
surface brightness and its size, 
which may also give a good 
indication of its stage of evolution. 
By comparing its luminosity with its 
magnitude, we can obtain an estimate 
of its distance. 


Anew way of thinking 

In the 19th century, when the science 

of spectroscopy was emerging, Italian 
astronomer-priest Pietro Angelo Secchi 
devised a simple system of spectral 
classification based on colour temperatures 
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4 Differences in colour give a very subtle 
hint as to how stars can be vastly different 


and the nature of any dark lines he could 
see in the spectrum. As spectroscopes 
improved and more detail became 
apparent in stellar spectra, it became clear 
that Secchi’s system needed to be refined. 
The director of the Harvard College 
Observatory, Edward Pickering, undertook 
this work and in 1890 he devised a system 
that used the letters A to Q in alphabetical 


order. Although Pickering was 
responsible for the work, the 
actual classification was performed 
by three women: Williamina 
Fleming, Antonia Maury and 
Annie Jump Cannon. Over the 
ensuing years, Pickering, Fleming 
and Maury refined and simplified 
the classification, removing and 
re-ordering some of the 
classification letters in the process. 

By 1901, Maury and Cannon 
realised that they could classify 
nearly all stars into a continuous 
sequence if they organised the 
stars by their colour temperatures, 
from hot blue to cool red, and 
reduced it to the familiar seven 
letters, OBAFGKM. You may still 
find the OBA end referred to as 
‘early and the GKM end as ‘late’, 
harking back to the obsolete 
notion that stars simply cool as 
they age. Cannon added precision 
with a decimal classification that 
plots the positions of stars between 
two defined letters. For example, 

a star whose characteristics lie 
midway between those of A and F 
would be an A5. She also 
introduced a lowercase letter classification, 
for any bright lines in the spectrum. 

Over the next four decades there were 
several tweaks to the system, the most 
significant of which was the addition of 
luminosity classes in 1943. These are: 


0 — hypergiants 

la — very luminous supergiants 
Ib — less luminous supergiants 
Il — luminous giants 
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4 The Hertzsprung-Russell diagram allows us to see that groups of stars with similar 
characteristics exist, but note that not every star passes through every class in its life 


A The spectra of 13 types of star; from top: 06.5, BO, B6, Al, A5, FO, F5, GO, G5, KO, K5, MO, M5 
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Ill — ordinary giants 

IV - subgiants 

V - main sequence stars (aka dwarfs) 
VI - subdwarfs 


This system of classification, in which the 
Sun is a G2V star, has been so successful 
that it has remained largely unchanged for 
nearly 75 years. It is embodied in the 
Hertzsprung-Russell diagram, shown left, 
which is a two-dimensional plot of stars 
according to their temperature and 
luminosity. A young star joins the main 
sequence as a dwarf. As its hydrogen is 
exhausted, the star leaves the main 
sequence and becomes a giant. A Sun-like 
star will eventually throw off its outer 
layers as a planetary nebula, while the 
nuclear reactions subside and all that 
remains is an inert, cooling, white dwarf. 
Stars larger than eight solar masses will 
evolve more rapidly, executing complicated 
loops on the Hertzsprung-Russell diagram, 
before exploding as supernovae. 

As our knowledge increased, more 
classifications have been added. The cool 
red and brown dwarfs are classified as L, 
T and Y, so the full spectral sequence runs 
OBAFGKMLTY. There are also some stars 
that don’t fit and run parallel to the 
sequence. These include the Wolf-Rayet 
stars (W) at the hot end, and the Carbon 
(C) and very rare S stars at the cool end. 

Examples of each of the main categories 
in the winter sky are (main sequence and 
giant/supergiant respectively): 


O - Sigma Orionis, O9.5V; Alnitak 

(Zeta Orionis), O9.5lb 

B — Gomeisa (Beta Monocerotis), B8V; 
Rigel (Beta Orionis), B8la 

A - Castor (Alpha Geminorum), A2V; 
Deneb (Alpha Cygni), A2la 

F — Procyon (Alpha Monocerotis), F5IV-V; 
Polaris (Alpha Ursae Minoris), F7Ib 

G - Kappa Ceti, G5V; Mebsuta (Epsilon 
Geminorum), G8lb 

K - 61 Cygni A, K5V; Pollux (Beta 
Geminorum), KOIII 

M - No easily visible main sequence red 
dwarfs; Betelgeuse (Alpha Orionis), M2Ib 


Once you develop a feel for spectral types, 
especially if you take it further and learn 
to decrypt the code embedded in the dark 
absorption lines and bright emission lines 
in a spectrum, a simple point of light 
becomes an interesting friend with a 
character of its own. It’s worth the effort. @ 


Stephen Tonkin is an experienced 
astronomer who writes our binocular tour 
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Students aged 14-18 can work with British-born NASA Astronaut Michael Foale at King’s College 
London 10th - 14th July 2017 and compete to launch an experiment they design into space to be 
carried out by astronauts aboard the International Space Station! 


' Work with: Astronauts, NASA personnel & ' Learn how to: work successfully in a team, | Deliver a persuasive presentation 
PhD Scientists from a top 25 university | Plan the execution of a project, | And confidently speak in public 
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Fiow to.. 


-Make an automated flat panel and dust cap 
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YOUR BONUS » Templates, diagrams, 
@ CONTENT 


plus a video of the 
panel in action 


Take the hassle out of capturing flat frames for your astrophotos 


4 The control box; the panel should be closed 
in the auto position and open at manual 


apturing flat field calibration 
frames is an essential part 
of astrophotography if you 
want to end up with the best 
possible images. If you have your 
imaging setup installed in a permanent 
observatory, however, there’s a way to 
cut down on this chore — simply 
automate the process. 
This is achieved by means of this 
‘flat flap’, an accessory that moves an 
electroluminescent panel onto the front 
of your telescope to produce an even 


Once installed, the 
process of recording 
flats is much quicker 


A The inside of the finished control box; 
use our Bonus Content to help recreate it 


light source. Not only that, the flap acts 
as a dust cap until it is automatically 
opened for the next imaging session. 
The design shown here is suitable for 
telescopes with apertures up to 120mm. 
There are six main sections to the 
construction starting with the flap 
itself. Use a craft knife and a steel ruler 
to cut your corrugated plastic sheet to a 
150x235mm rectangle, with the ‘grain’ 
running along the long side. Cut a 25mm 
wide, 130mm long strip of Imm plywood 
and use impact adhesive to fix it to 
the short edge of the board at the base, 
leaving a 20mm gap on the right for the 


TOOLS AND 
MATERIALS 


=: 


ij 


COMPONENTS 

Continuous hinge, project case, 
SPDT toggle switch, DPDT relay, 

DC plugs and sockets. An A5 
electroluminescent panel, servo 
controller, servo, ball links, bellcrank 
and a 12V power lead. 


MATERIALS 

Heavy-duty 4mm corrugated 
plastic sheet, 1.5mm aluminium 
sheet, Imm plywood. 


TOOLS 

Cutting board, scissors, craft knife 
and metal straight edge, hand 
drill, crosshead screwdriver, 

7mm spanner, soldering iron. 


SUNDRIES 

Double sided adhesive tape, impact 
adhesive, masking tape, cable ties, 
wire, nuts, bolts and washers 


electroluminescent panel’s connection 
point. Fix the panel to the flap using 
double-sided tape. 

Print the templates (found in this 
month’s Bonus Content) for the box 
lid onto a sheet of paper and then the 
front panel section onto a self-adhesive 
label. Cut the box lid section to size and 
cut out the printed rectangular hole. 
Fix the template to the top section 
of the box with tape and mark the 
rectangle on the box. Chain drill inside 
the rectangle, then cut between the > 
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> holes with a craft knife. Finish by 
drilling the two 4mm holes for the 
bellcrank and the two 2mm holes for 
the servo bracket. 

Cover the front panel template with 
transparent sticky back plastic, cut it to 
size and attach it to the front panel. Drill 
two 8mm holes for the two sockets and 
a 5.2mm hole for the switch. 

Referencing the circuit and relay 
pin diagrams in our Bonus Content, 
carefully solder the circuit together 
using black wire for negative (—ve) 
connections, red wire for positive (+ve) 
connections and green wire for ‘signal’ 
connections. Attach the sockets and 
switch to the front panel. 


Establishing control 

To make the custom control horn, use 
our template to cut a sheet of 1.5mm 
aluminium to shape with a hacksaw, then 
smooth the edges with a file. Drill the pair 
of 4mm mounting holes and up to three 
2mm holes for the ball link, then bend the 
horn into a right angle. 

Cut a continuous hinge to size and 
drill two 4mm holes in one leaf for 
mounting to the box lid, two 4mm holes 
in the other leaf for mounting to the 
flap and two 4mm holes for the control 
horn. Ensure that the vertical part of 
the horn is in line with the centre of the 
hinge. Using the hinge as a template, 
leave an overhang of 15mm between the 
rear of the box and the hinge knuckle, 
and drill two 4mm mounting holes in the 
top of the box, ensuring that the hinge is 
central. Drill two 4mm mounting holes 
and two 4mm holes for the custom control 
horn from the non-panel side of the flap. 
Attach the hinge and horn leaf to the flap 
and the other leaf to the box lid using 
M4x16mm bolts, nuts and washers. 

Attach the servo to the inside of the box 
lid with 2mm bolts, nuts and washers. 
Assemble the servo arm, ball links, 
bellcrank and connecting rods. Once 
powered, adjust the servo throw so that the 
flap is held closed with the switch in the 
‘auto’ position and fully open when the 
switch is in the ‘manual’ position. 

Once you have determine the best 
method of attaching the control box to 
your specific telescope and made suitable 
arrangements for tripping the remote 
connection to the unit using a USB- 
powered switch, you're done. Automated 
flats have never been easier.@ 


Steve Richards is BBC Sky at Night 
Magazine's Scope Doctor 
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——— STEP BY STEP 


STEP 1 


Cut the corrugated plastic with a craft knife 
to form a 150x235mm rectangle. Cut a 
strip of Imm plywood 25mm wide and 
glue it to the board, offset to the left for 
the electroluminescent panel’s connector. 
Attach the panel using double-sided tape. 


Drill mounting holes in the front panel 
for the switch, 12V power and signal 
connection sockets, and mount the 
components to the box. Solder together 
the circuit shown in the circuit diagram 
in the Bonus Content. 


STEP 5 


Cut the hinge to size and drill two 4mm 
holes for mounting to the box, two for 
mounting to the flap and two to match 
those previously drilled in the control horn, 
ensuring that the horn’s base is pressed 

up against the knuckle of the hinge. 


— 


STEP 2 


Attach the supplied template to the box lid 
with masking tape, ensuring that it fits 
inside the ridged section. Use a drill and a 
craft knife to carve out the rectangular hole 
in the lid for the servo linkage. Drill holes 
for the servo bracket and bellcrank. 


Mark the aluminium sheet with the outline 
of the control horn and cut it out with a 
fine toothed hacksaw and then file the 
edges to a smooth finish. Drill the two 
4mm mounting holes and a selection 

of 2mm holes for the ball links. 


STEP 6 

Drill a hole for the panel wire to exit the 
box. Attach the horn and hinge to the 
panel and bolt the hinge to the box. 
Attach the servo and bellcrank. Make 
up the connecting rods and attach them 
to the servo arm, bellcrank and horn. 
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Pearson 


Enhance your ; 
teaching 
career today 


Pearson have exciting 
opportunities for Science 
Teachers to become Examiners 
for our GCSE and GCE A Level 
qualifications. This is a great way 
to get closer to the subject you 
love, whilst gaining an insight 
into assessment. 


To find out further information, please visit 
www.edexcel.com/aa-recruitment 
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Image 2 


With 
Dave Eagle 


PROCESSING 


Registering images in DeepSkyStacker 


How to prepare your images for successful stacking 


4 Left: a single frame of the Triangulum Galaxy, M33, before any editing; right: the same galaxy after a number of frames have been stacked 


eepSkyStackerisan |***** oe wee | may also find that it quickly 

extremely useful a est 4 swamps a long-exposure 

piece of freeware peers image. Taking shorter 

that allows you to maine exposures is one way to 
register (align) and stack pus compensate for this and also 
multiple images into a single con, prevents stars from trailing. 
frame ina straightforward way. |" If you were to combine 
This month we’ll be covering coos ae 20 exposures of 30 seconds 

\ ek checked Lees. j 
how to register a group of Seoemire. each, the data for them all is 


images, followed by a detailed 
look at stacking them next 
issue. You can download the 
program from http:// 
deepskystacker.free.fr/english/ 
index.html. If you already have 
the software installed, make 
sure that you have the most 
up to date version. 

The power of DeepSkyStacker 
comes from its ability to 
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added together, so the final 

«=| image gives similar results to 

“ a single 10-minute exposure. 

we There are two important 

| prerequisites when it comes to 
actually capturing your 
photographs: make sure you set 
the camera to save your images 
in the RAW format, not Jpeg. 
You should also ensure that all 
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other in-camera processing 


3 combine images in a way that reveals - en ee aaa cig aheoag functions, such as long-exposure noise 

q detail that is difficult to capture otherwise. ity fies yeu-apeniare Bered at tne bottom reduction, are switched off. All the 

£ For astrophotography, this means you can Longer exposures are better of course, processing needed can be performed in 
6 make use of short exposure images for but require accurate tracking. If your post processing after the files have been 
2 captures of deep-sky objects. skies suffer from light pollution, you transferred to a computer. 
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Register Settings 


Actions Advanced 
Register already registered pictures 
Automatic detection of hot pixels 


(_] Stack after registering 


Select the best 100 % pictures and stack them. 
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Register Settings 


Actions Advanced 
Star detection threshold 


2% fj 


Compute the number of detected stars 


141 star(s) 


[] Reduce the noise by using a Median Filter 


Recommended Settings... 


Stacking parameters... 


4 Left: the pop up that appears when you choose fo register your frames; right, the advanced tab, where you can alter the star detection threshold 


Ge Ynageg Sessers\2015\20 151 907 - MITTS ASS NEP 


the position of them in 
each image. A small text 
file of this star map is 

saved for each image within 
the same directory. 


Once DeepSkyStacker is [oesmynsawanz 
installed and running, open __ | sstevsstiatee 
the images to be stacked err 

e fat Ges 
(known as your light one 
frames) by selecting Open pam 
Picture Files. If you have ew it 
captured dark, flat or Sec den 
offset/bias calibration — 

Requer cheded pctres... 
frames, then open these Compt tat 
too. Don’t worry if you ae 
haven’t, as they won't os 

Open cate Me.. 


prevent you from 


Copy asvent petere to dpbeard 


completing the rest of 
this tutorial, but they 
will markedly improve 
your final image if they 
are available. The list 
of images you have 
opened will appear in 
the bottom window. 

Now you need to prepare 
your images for registration. Click on 
Check All in the left-hand menu; this will 
cause a tick to appear beside each image. 
Now click on Register checked pictures. 
In the window that pops up, untick the 
box Stack after registering. 


Finding enough stars 
Now switch to the Advanced tab within 
the pop-up and click Compute the 
number of detected stars. This causes 
DeepSkyStacker to scan the first file 

in the list and calculate how many stars 
are visible. The number of stars detected 
will vary depending on the image being 
registered, of course, but ideally you 
want it to find around 150. Moving 

the slider to the right-hand side makes 
it less sensitive. 


Ughthrameet? = OwkFramer 4 = Flat framen:3 < DartFlat Frames: © = Oftset/tine Frames: 6 

Pan te Tye sous sore 
age Gidnagng SessersWOISIOMONL.. Z7S_OPIDIEF BasiOffeet 1a nya 
ER —_ rage Serceret0I IO MOND.. 75D BaciOftbet wa a 
| a wa Nja 
oe Gelinas Sessens\2016\2016092... Z75_0995 EF Ras/Ofteet ‘a ia 
Ope GS Yrragnng Senmere\20 19120151 29. mise out ? ue 
EF — cragng Sesseral201 0181. TAF Unt © 4.22 
EZR = —Gemagne Sensors t201S 2018100... Z7E_ASSNEF ght us m8 
age Gilimagng SessonsOISIOISIND.. ITLIMOMF Ugh “s eas.os, 
(|. mete aeenenieneh Sut aabbnte ate rte page 
< 


Once finished, the list of 
light frames in the bottom 
window will now display 
several parameters. The 
important ones to look at 
are #Stars and Score. #Stars 
is hidden way over to the 
right in the default setup. 
Scroll across and drag this 
column farther over to 
the left-hand side. 


« oa age 

aa The higher the figures 
a “ within these fields, the better 
“ : “ the image is for stacking. The 
«© fe 


figures will vary from image 
to image, but there may be 


4 Browse through your registered frames 
and remove any that show star trails 


If fewer than 150 stars are detected, 
try again by selecting a different image 
— you do this by simply clicking on the 
image you want to try. If too few stars 
are detected, the software may not be 
able to stack the images. If too many 
stars are registered, the software will 
work extremely hard in the final stacking 
process and will take an extremely long 
time. Don’t make the process more 
arduous than it needs to be. 

When you are happy with the number of 
stars, click OK. The software will begin 
scanning the images; this can take a while. 
During this process DeepSkyStacker is 
looking for sharp pinpoint stars, mapping 


an image or two that scores much less than 
the others. These are, possibly, worth 
removing from your final image. 

To investigate an image, click on it once. 
When the top bar turns blue, that image is 
the one being displayed. Inspect it to see 
why it has a much lower score. Has the scope 
wobbled and produced small star trails, for 
instance? If the score is too low, click on 
the box containing the tick next to the image 
and remove it. This image will no longer 
be included in the final stacking process. 

Once you have removed any below-par 
frames, the registration is complete. These 
files are now ready for stacking, which 
we ll cover next month. @ 


Dave Eagle founded Bedford 
Astronomical Society. 


skyatnightmagazine.com 2017 


THE GREAT AMERICAN ECLIPSE TOUR 2017 


14 - 24 August 2017 


Join us on this wonderful tour of the beautiful West Coast of the United States where we will view the Total Solar Eclipse 
of 21 August 2017 from our location in Oregon where weather prospects are at their best to hopefully allow for a 
clear view of this phenomenal natural wonder. Your fantastic 10 night tour will take in Oregon’s stunning coastline 

and natural wildlife, the giant Redwoods of California, spectacular Crater Lake, the charming town of Ashland, lively 

Portland, a wine tasting session in a local winery and much more. You will also be able to enjoy the benefit of a series 

of fascinating astronomy talks from our expert lecturers Dr Marek Kukula (Public Astronomer at the Royal Observatory 
Greenwich) and Dr Ed Gillen of Cambridge University who will be joining us. 


Prices from £2,275 per person 


Tim Peake Return to Earth Special Envelope 
available from iompost.com/timpeake 


This stunning special cover marks British 
Astronaut Tim Peake’s return to earth 
from his six month International Space 
Station (ISS) mission. 


AM ISLE OF MAN POST OFFICE 
LSSTED EDITION NO 


132 « 
= INNOVATION IN 
AEROSPACE (¥) 


*To be in with a chance of winning simply purchase our Tim Peake 
Return to Earth Special Envelope. We will be doing a draw when we 
have sold 125, 250, 375 and 500 of the Envelopes. The earlier you buy 
the more chances you have to win, entry for every individual purchase. 


Tim Peake Return to Earth Special Envelope: UA96 e £20.00 


GUARANTEE OF SATISFACTION - If you are not 100% satisfied with the product, you can return items for 


exchange or a complete refund up to 30 days from the date of invoice. Terms and conditions apply. AMPS 
a eoa ky FREE WORLDWIDE DELIVERY & COINS 


lomstamps.com T:+44(0)1624 698430 IRR 


STEVE MARSH, STEVE RICHARDS 
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Scope 


© 


With 
Steve 
Richards 


OR 


Our equipment specialist cures your 
optical ailments and technical maladies 


Cracked plates can 
be replaced, but 

it’s a task best left 
to an expert hand 


Il recently cracked the corrector plate 
on my Celestron C8 SCT VX Go-To. 
Is the plate replaceable? 


DENNIS TREMAINE 


Schmidt Cassegrain telescopes 
(SCTs) like your C8 are primarily 
reflector telescopes with a parabolic 
primary mirror and a hyperbolic 
secondary mirror. However, SCTs 
also incorporate a glass corrector 
plate comprising a single thin glass 
lens element at the front of the 
telescope to correct for spherical 
aberration. As well as its correcting 
function, the corrector plate also 
supports the secondary mirror. 

New corrector plates are available 
for most Celestron SCTs from the 
importer — David Hinds in the case 
of the UK - with the exception of 
the 14-inch version. You can buy a 
replacement and install it yourself 
if you take extreme care. 

The secondary mirror must be 
removed first and handled carefully 


to ensure that it doesn’t get scratched 
and it should be kept protected from 
dust at all times. The damaged 
corrector plate can then be removed 
with the telescope supported 
vertically, front facing downwards, 
to prevent any dust from entering 
the optical tube. The replacement 
corrector plate can then be installed, 
ensuring that it is inserted the 
correct way round, and the secondary 
mirror reattached. 

Although the corrector plate is 
not individually matched to the 
primary mirror, it can be rotated 
to an optimum position. However, 
this requires an optical test bench, 
which is beyond the scope of typical 
owners. For this reason, it is 
recommended that the corrector plate 
is replaced by the importer. 
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4 Bagging your kit with a silica gel sachet may help 


My eyepiece has dew trapped in the 
internal optics. How can | get rid of it? 
HELEN RIDE 


Thankfully, this scenario is fairly rare, although 
some eyepiece manufacturers mitigate against it 

by sealing the lens chamber and purging it with an 
anhydrous gas such as nitrogen or argon. Conditions 
have to be pretty extreme for dew to form between 
the optical elements but getting caught out by a rain 
shower can certainly cause this. 

To get rid of trapped dew, place the affected 
eyepiece in a polythene bag with a sachet or two 
of silica gel and place the bag somewhere warm 
to let the silica gel absorb the water. 

As a guide to avoiding this in the future, attach 
all your eyepiece dust covers before you bring the 
eyepieces inside to make sure that the moist air 
inside your house doesn’t condense onto the cold 
lens surface. Leave the caps on until the optics 
have warmed up to room temperature and then 
remove them for an hour or two to ensure that 
the eyepieces dry out fully. 


STEVE’S TOP TIP 


What does a neutral density filter do? 
Neutral density filters are commonly used in 
terrestrial photography to allow long exposures 
to be taken even in bright conditions, but 
low-density versions can be very useful for 
lunar and planetary observing. 

A problem with viewing the Moon in particular 
is that it can be very bright indeed, and this 
brightness can swamp the view through the 
eyepiece making it physically uncomfortable, 


although not dangerously sO. 
A neutral density filter will cut down this 


glare without imparting any change in colour. 
This type of filter is often sold in astronomy 


shops as a ‘Moon filter’. 


Steve Richards is a keen astro imager 
and an astronomy equipment expert 


Email your queries to scopedoctor@skyatnightmagazine.com 
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THE HOUSE O'HILL HOTEL 


Hotel & restaurant located within the Galloway Forest, the 


UK’s first Dark Sky Park. 


Real Ales * Fabulous Food * B&B/DB&B * Letting Cottage 


* Guided Tours * Astrophotography Guides 


Certificate of Excellence 


If you are looking to escape a frenetic pace of life or simply 
enjoy the great outdoors — this is the perfect getaway for you. OS 


fess eral 


Bargrennan, Newton Stewart, Dumfries and Galloway DG8 6RN 
Tel: 01671 840 243 *% Email: enquiries@houseohill.co.uk * www.houseohill.co.uk 


SG Wide Field Binoculars 
NEW SG 6.5x32 WP ED 


Vixen’s SG 6.5x32 Binoculars are 
high quality in both their build & 
performance. ED glass in the 
objective lenses delivers 

sharp images of stars 

with even faint colour 

differences shown. 


SRP £459.00 


SG 2.1x42 

Vixen SG 2.1x42 binoculars produce 

a widefield view of constellations 

and the milky way. The 2.1x EN 
magnification promises the 

user a “walk in” view of the 

night sky. 

Made in Saitama, Japan. 

SRP £259.00 


. Www.vixenoptics.co.uk 


For more information and stockists of Vixen and 
Opticron astronomy products please call 
01582 726522 quoting reference SN117. 


Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, 


Luton, LU4 8EF 


iT 
a 


ENT SERVICE s Compengive PRICES 


For tendly | pf 
) at Unit A3, St George’s Business 
Park, Castle Rodd Sittingbourne, Kent ME10 31B. 


01795 432702 
www.fltelescopes.co.uk 


@CELESTRON: Gist vixen? 
sky-Watther E> .P L & R E ¢ Reig 


attains LULU. 


REVIEWS JANUARY 89 


HOW WE RATE 


Each category is given a mark out 
of five stars according to how well 
it performs. The ratings are: 


kkk KO” Outstanding 
teow * *& Very good 


Rey ® 
= | I e Ss kok kk Good 


Bringing you the best in equipment and accessories dodo Average 
each month, as reviewed by our team of astro experts «44% * Poor/Avoid 


See interactive 360° models of 
all our First Light reviews at 
www.skyatnightmagazine.com 


90 


Find out why this scope might 
be the holiday companion 
you have been looking for 


FIRST LIGHT 
GO Kes 25inch PA Tecrerr YBrs20m WD” AK cr 


achromatic refractor DSLR camera mount cooled mono camera astronomy titles imaging tracking mount 


WWW.THESECRETSTUDIO.NET X 4 


Find out more about how we review equipment at www.skyatnightmagazine.com/scoring-categories 
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FIRS | LIGHT 
Vixen A62SS 2.5-inch 


See an interactive 360° model of this scope at 
www.skyatnightmagazine.com/vixenA62SS 


achromatic refractor 


A scope of short stature that makes for an excellent travel companion 


WORDS: STEVE RICHARDS 


VITAL STATS 


e Price £429 

e Optics Achromatic lens 
with four elements in 
two groups of two 

e Aperture 62mm 
(2.5 inches) 

e Focal Length 520mm, 
(1/8.4) 

e Focuser Single 
speed Crayford 
with etched scale 

e Extras Padded case, 
eyepiece extension 
tube, Allen key 
wrench 

e Length 305mm 

e Weight 1.5kg 

e Supplier Opticron 

e www.vixenoptics. 
co.uk 

e Tel 01582 726522 


SKY SAYS... 
What really 
impressed us 
was how the 


tis often said that you should 
choose your travelling companions 
carefully, and perhaps none more 
so than a telescope that will 
accompany you on your travels. It is with 
this in mind that Vixen has produced 
its latest refractor, the 2.5-inch A62SS. 
This diminutive achromatic scope is 
supplied in a soft, protective carrying 
case that is small enough to comply with aircraft 
carry-on luggage regulations, yet leaves plenty of 
room for a star diagonal and a set of eyepieces. 
An eyepiece extension tube is included with 
the scope and this holds a secret for casual 
photographers in the form of a male T-thread. 
Close examination of the lens elements showed 
that the fully multicoated surface treatment had 
been well applied, producing a slight green tinge 
when held to the light at the right angle. The inside 
of the optical tube is fully baffled and painted ina 
matt black coating. Its robust, single-speed 
Crayford focuser can be rotated through 360° to 
help with framing and there is a lock to secure the 
focus tube once it is in the desired position. 
Attached to the focuser is an anti-marring mount 
that accepts standard finderscopes. 
For our preliminary tests, we mounted the scope 
on our own Vixen Porta Mount II using the shoe 
permanently attached to the telescope tube. This 


NO ORDINARY ACHROMAT 


At first glance, the shortness of the optical tube 
and the quoted focal length of the telescope (520mm) 
was a little perplexing as the figures didn’t quite 

add up. However, things became much clearer 
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view snapped 
into focus — no 
‘grey area’ here, 
just a crisp image 


combination made for a substantial yet 
easily transportable system. Vixen 
supplied a prism star diagonal, a trio 
of SLV eyepieces (12mm, 15mm and 
25mm) and a 2x Barlow lens for the 
purposes of this review. 

We started with a daytime test to 
check for chromatic aberration by 
observing the outlines of tree branches 
against a bright sky — and indeed there was a purple 
and yellow aberration, but it was not unduly intrusive. 
To confirm our findings, we repeated the tests using 
our own set of Hyperion eyepieces with the same 
result. However, what really impressed us was how 
the view snapped into focus — no ‘grey area’ here, 
just a crisp image across the whole field of view. 


Airy extraordinary 
As darkness fell we were greeted with a clear sky 
that allowed us to carry out a set of star tests, 
and these showed even intra- and extra-focus airy 
disks with no signs of astigmatism. Star shapes 
remained good out to over 85 per cent of the field 
of view, at which point the star shapes elongated 
with a red tinge towards the centre and a green 
tinge towards the field edges. 

We then got down to the enjoyable task of 
observing a range of objects — including globular 
clusters M13 and M92, planetary nebulae M27 and > 


when we realised that this was no ordinary achromat. 
Instead of the usual two lens elements, this design 
possesses four of them. 

The lens elements are arranged in two groups of two 
with a normal achromatic doublet objective lens and a 
second pair at the rear placed in a fixed position just 
before the focuser. The front pair focus the image and 
correct colour to the same extent as a standard 
achromatic lens while the rear pair act as an image 
amplifier in the same manner as a Barlow lens by 
diverging the light from the objective. 

This design allows the tube to be compact and thus 
easily transportable. It offers an effective focal length 
of 520mm at f/8.4, a good compromise for general 
observations of the night sky. 
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INTERNAL BAFFLES 
AND BLACKENING 


To maintain good contrast in the view, it is important 
to keep light reflections to a minimum and the A62SS 

achieves this in two ways. The internal surfaces are coated 
in a matt black finish and complemented by a number of 
knife-edge baffles to further absorb unwanted reflections. 


Zgqiozs3 


CRAYFORD FOCUSER 


Unusually, the A62SS is supplied with only a single speed Crayford focuser, 
so there is no fine adjustment knob. However, the focuser was a delight to 
use, providing a crisp and smooth action that made it easy to snap 
into focus when observing or imaging. The focus 
tube is etched with a millimetre scale. 


VIXEN MOUNTING SHOE 


A permanently installed mounting shoe is included. As 

well as its standard dovetail profile for attachment to an 
astronomical mount, there are also 1/4-inch and 3/8-inch 
thread sockets for standard photographic tripods. The 
mounting shoe extends backwards to help achieve balance. 
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> M57, and the asterisms known as Kemble’s Cascade 
and the Coathanger. But the true gem of our sessions 
was the colour-contrasting pair of stars that form 
Albireo in Cygnus. Later in the review period we 
observed the quarter Moon and enjoyed some great 
views of lunar features, but here we witnessed the 
tell-tale signs of chromatic aberration in the form 
of green and yellow brightness on the lunar limb. 

Although primarily an observing instrument, we 
couldn't resist attaching a light, one-shot colour CCD 
camera to the T-adaptor hidden inside the eyepiece 
extension tube. As expected from an achromat, there 
was some chromatic aberration, resulting in violet 
haloes around bright stars. Typical of all refractors 
that don’t have in-built field flatteners, the stars were 
distorted by field curvature towards the edges of the 
field of view. We used a Bahtinov mask to achieve 
focus and found the focus action to be smooth in 
operation, making it very easy to achieve an 
accurate focus despite there being no slow-motion 
knob. Tightening the focus lock imparted a small 
image shift but maintained the set focus. 

The Vixen A62SS refractor is an excellent travelling 
companion and we would recommend it to any 
astronomer looking for a portable telescope for 
observing rather than astrophotography. @ 


DEW SHIELD 
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1.25-INCH EYEPIECE HOLDER AND 


The focus tube is supplied with a 1.25-inch compression ring 
eyepiece holder. However, an eyepiece extension tube is also 
supplied to allow straight-through observing. The extension has a 
1.25-inch filter thread and the eyepiece holder section can be 
unscrewed to reveal a T-thread for camera attachment. 


The retractable alloy dew shield extends 88mm past the front of the 
telescope and provides excellent protection from stray light and the effects 
of dewing. A felt lining retains the shield in the extended position simply 
and firmly. There was no slippage during our observing sessions. 


VERDICT 


BUILD & DESIGN kkk 
EASE OF USE tok kkk 
FEATURES kkk 
IMAGING QUALITY tk 
OPTICS kkk 


OVERALL * 


EXTENSION TUBE 


< NGC 7000, made up 
of 22 exposures of 600 
seconds, taken with a 

one-shot-colour camera 


SKY SAYS... 
Now add these: 


1. Vixen 
diagonal 


2. Vixen 2x 
Barlow lens 


3. Vixen 25mm 
SLV eyepiece 


sREENWICH 


Collins OBSERVATORY er | 


- Collins, 


AZING 


‘ S NNT NDE TO ASTRONOM 


See the slars with Collins 


Available to buy from all good book stores and online at 


books.harpercollins.co.uk/astro 


fisher soace cen 


The goes anywhere, writes everywhere pen 
Guaranteed for life! 


IY ASTRONAU 


UK and European distributors: 
GBA Pen Company Ltd. 
Tel: 01245 225857 
info@gbapen.co.uk 
www.fisherspacepen.co.uk 


The ultimate account of 

the International Space Station’s 
conception, development 

and assembly in space... 


‘If you are a space fan, fascinated by the kind of venture 
the ISS represents, this book is an absolute must, full of juicy 
details and intriguing insights.’ — Popular Science 


International Space Station 
Architecture beyond Earth 
David Nixon 

ISBN 978-0-9930721-7-8 £65.00 


www.circapress.net 


HARRISON 


www.harrisontelescopes.co.uk 


01322 403407 eougea 


NEW FROM CELESTRON > 
ASTRO Fi. 


DISCOVER THE SKY IN WiFi 


WiFi RANGE FROM £385; - 


ANDROID & iOS = 


EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT 
AUTHORISED DEALER FOR ALL THE TOP BRANDS 
BINOCULARS FOR ASTRONOMY 
HELIOS 7x50 & 10x50 £49 
SKYMASTER PRO 15x70 £149 
25x100 GIANT BINOCULARS £240 


TELESCOPES EYEPIECES FILTERS MOUNTS & MORE 


DIGITAL SLR CAMERA ADAPTERS FROM £11.99 
MAINS 5 AMP POWER SUPPLIES £26.00 
SKYWATCHER LIGHT POLLUTION FILTERS £18 
QUALITY MOON FILTERS FROM £8.99 
*NEW CELESTRON CGEM Il & CGX TELESCOPES* 


WWW. THESECRETSTUDIO.NET X 3, PAUL MONEY X 2 


94 


FIRST LIGHT 
iOptron SkyTracker Pro 


See an interactive 360° model of this mount at © 
www.skyatnightmagazine.com/SkyTrackerPro 


DSLR camera mount 


Track celestial bodies more easily with this compact but capable mount 


WORDS: PAUL MONEY 


VITAL STATS 


e Price £369.99 

e Payload capacity 3kg 

e Latitude adjustment 
30-65° 

e Tracking rates 
Sidereal, half sidereal, 
lunar, solar 

e Polarscope Illuminated 
with 6° field of view 

e Power requirements 
Internal rechargeable 
lithium-ion polymer 
battery 

e Extras Padded case, 
micro USB charging 
cable, 1/4- to 3/8-inch 
thread converter 

° Weight 1.15kg 

e Supplier Altair Astro 

e www.altairastro.com 


e Tel 01263 731505 


SKY SAYS... 
The basic setup 
is easy to 
assemble — you 
simply slot the 


polarscope into 
place and tighten 
the plastic screw 


strophotography has become so much 

easier since the introduction and 

continuing development of DSLR 

cameras. Nevertheless, if yow’re taking 
long exposures your camera needs to follow the 
movement of the sky as it rotates around the 
celestial pole, which is where tracking mounts 
such as iOptron’s SkyTracker Pro come in. 

The SkyTracker Pro is a compact unit that 
comes in a soft case with a mini-USB charging 
cable, adjustable altaz base, illuminated polarscope 
and instruction manual. The only other things 
you need to make use of it are a DSLR camera 
and lens, a sturdy tripod and an optional ball-head 
mount. We reviewed the basic package and were 
loaned a ball-head mount, counterweight, shaft and 
mounting bar (for testing longer lenses) for the 
purposes of this review. 

The basic setup is easy to assemble — you simply 
slot the polarscope into place and tighten the plastic 
screw to lock its position. In order to get a clear 
view of both the internal illuminated reticule 
and the stars, the polarscope can also be focused. 
There are eight brightness settings for the 
polarscope’s illuminated view and it gives a field 
of view of 6°. For initial, rough alignment there’s 
a sight-hole finder at the top left of the mount 
body that gives an 8° field of view. 

To get the best out of the polarscope iOptron 
recommends using its iOptron Polar Scope alignment 
app (Paid; available for Android and iOS), which 
makes achieving alignment a breeze. You can then 
attach the camera, mount and base to a tripod, 
either with or without a ball head. 


Better with a ball head 

We used a ball head to mount a Canon 50D 
DSLR with a selection of lenses to the SkyTracker 
Pro. The ball head provides a greater range of 
movement than the SkyTracker mount offers on 
its own, allowing you to better frame constellations 
or the plane of the Milky Way, and as such we 
would suggest they are an essential purchase 
should you consider buying this mount. Final 
polar alignment is completed using the fine 
adjustment knobs of the altaz mount. > 
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ELIMINATING TRAILS 


Using our 16mm lens set at f/4 and the ISO on the 
camera set at just 100, we took a sequence of images 
with five-, 10- and 20-minute exposures all aimed at 
the Summer Triangle region. The 20-minute exposure 
had to be zoomed in to maximum to show slight 
trailing but, for all intents and purposes, it tracked 
extremely well. With our 55mm lens we framed 
Deneb and Sadr in the view for the five-minute 
exposures, which showed very slight trailing when 
zoomed right in to maximum. Three-minute exposures, 
however, showed pin-sharp stars. 

iOptron recommends using the optional counterweight 
kit for long lenses, as long as the weight of the DSLR plus 
lens doesn’t exceed 3kg. The kit allows you to ensure 
the lens-camera combination is properly balanced. 
Using the kit with a 300mm sigma lens we were able 
achieve up to two-minute exposures of the Pleiades star 
cluster, M45, with only the slightest trailing. 


4 Two three minute exposures of Deneb and Sadr in 
Cygnus, captured with the same camera and settings; 
the lower image is tracked, the top one isn’t 
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SWITCHES 


One switch allows for northern or southern hemisphere tracking, 
the other selects either solar, lunar, sidereal or half-sidereal rate. 
Also on the body are a ‘fast slew’ button, a polar illumination light 
& adjuster and a battery status indicator. 


Ss POLARSCOPE/SIGHT 


The SkyTracker Pro has a basic sight 
hole for rough alignment and 

an illuminated polarscope. The latter 
is held in place by a small screw at 
the base while the reticule illumination 
of the polarscope is adjustable. 


ALTAZ BASE 


The mount features a bubble level, a 
and can be adjusted in both latitude 

and azimuth, allowing fine control 

of both via thumbscrews and an 

adjustment knob. Used in conjunction 

with the iOptron Polar Scope app, 

achieving polar alignment is easy. 


CAMERA-MOUNTING BLOCK 


The camera-mounting block is easily detached from the main 
body via two thumbscrews. There’s a 1/4- to 3/8-inch thread 
converter for camera mounts, but an optional ball-head mount 
gives more flexibility for framing the sky. 
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> The control switches are all found on the 
back of the camera mount’s body. One slide 
switch selects northern or southern hemisphere 
orientations, while a second lets you choose 
normal tracking at the sidereal rate to track the 
stars, half sidereal for creative exposures that 
include the landscape, or lunar or solar rates. 
The latter is especially useful for solar eclipses, 
with the appropriate filters of course. There’s also 
a small button above these switches to control 
fine slewing to frame your target. We took a 
60-second test image using a 16mm lens and a 
half sidereal tracking rate, and were rewarded 
with a good shot of a tree with Auriga and 
Taurus above it and Orion rising to its right. 

When fully charged, the built-in lithium-ion 
polymer battery is said to hold enough power 
for 24 hours of continuous viewing. Exactly 
how long its charge lasts will depend on how 
often you intend to image and the viewing 
conditions, but there was certainly enough juice 
to keep the mount running throughout the test 
period without a recharge. 

On its own, we found the SkyTracker Pro gave 
good results for such a compact package. But with 
the counterbalance kit — one of the optional extras 
— we found we could get good results at 300mm 
even using a 70-300mm lens. This is another 
accessory that’s really worth considering.@ 


The camera tracking mount 
body can fit into the palm of 
your hand and weighs just 
685g. It can be used either 
attached to a tripod with 
latitude adjustment managed 
via the tripod’s tilt head, or 
with the supplied altaz mount. 
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4 A processed stack of 
16 images of M45; each 
is a single two-minute 
exposure taken with a 
300mm lens at f/6.3 
and ISO 1600 


> Three images from 

a sequence taken with a 
16mm, f/4 lens, all 60- 
second exposures. The top 
image was not tracked, 
the middle one tracked 

at half-sidereal rate, 

the bottom one at 
sidereal rate 
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Ca 


GIVE THE GIFT THAT IS 
OUT Chae Hg WORLD 


‘COL. erie 3° 


HADFIELD 


Singing David Bowie’ S 
“Space Oddity” 


Tickets Now on Sale in the Following Cities: 


BRISTOL 18 JAN =t MIVZ 7 DUBLIN 22 JAN 
EDINBURGH 20 JAN: WIMBLEDON 23 JAN 


For tickets visit cama alivos ecm 


GALAXY ON GLASS 


Spectacular wall art from astro photographer 
Chris Baker. A range of images are available as 
frameless acrylic-aluminium mix or framed backlit 


up to 1.2 metres wide. A big impact in any room. 
All limited editions. 


www.cosmologychris.co.uk 
www.facebook.com/galaxyonglass 


The Home Counties Astronomy Specialists 


iY Tel: 01442 822997 


ftendly Experts 


with over 100 telescopes 
& binoculars on display 


Friendly e Extensive range of 
face-to-face advice binoculars & 


Excellent aftersales support Spotting scopes 


Beginner package deals Visit 
for all c. Website 


Great prices and value all ou, 

One of the UK's largest r latest 

displays of telescopes Offers 
Showroom open 5 daysaweek - Free on-site parking 
facebook.com/tringastro ic) www.tringastro.co.uk The Old eshte 


=z Brook St, Tring, 
@Tring r | enquiries@tringastro.co.uk 2 
vy Tring_Astro ae Weastro.co.UK Herts, HP23 SEF 


a 

Xs LIVERPOOL 
JOHN MOORES 
UNIVERSITY 


Multimedia Astronomy Courses 
Tutored by Professional Astronomers 


Distance Learning 
Courses 


Masters Courses Starts 
MSc Astrophysics 
MSc Observational Astrophysics 


One year full-time or two years part-time. 


Short Courses 

An Introduction to Astronomy 
Science with the Liverpool Telescope 
The Science of the Night Sky 

Planets of the Solar System 
Supernovae 

High Energy Astrophysics 


These non-accredited courses last between five months and 
one year. 2 


astro-distance@ljmu.ac.uk / 0151 231 2900 
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ZWO ASI290MM 


CMOS 


See an interactive 360° model of this camera at 
www.skyatnightmagazine.com/ASI2190MM 


cooled monochrome 


camera 


Excellent sensitivity and image quality define this high frame rate device 
WORDS: PETE LAWRENCE 


VITAL STATS 


e Price £771 for the 
cooled mono (uncooled 
mono £432; cooled 
colour £774; uncooled 
colour £391) 

e Sensor Sony 
IMX290LQR CMOS, 
1,936x1,096 pixel array 

e Pixels 2.13 megapixels, 
each 2.9ym square 

e Speed 170fps at 
10-bit or 128fps at 
12-bit; higher frame 
rates available with 
regions of interest 

e Size 78mm diameter, 
110mm length (with 
1.25-inch adaptor fitted) 

e Weight 433g 

e Supplier 365Astronomy 

e www.365astronomy. 
com 


e Tel 020 3384 5187 


SKY SAYS... 
This camera 

is extremely 
sensitive and 
excellent for both 


Solar System 
targets and deep- 
sky imaging 


here’s a certain cinematic feel to the view 

you get from ZWO’s ASI290MM cooled 

monochrome camera, thanks to its 

HD aspect Sony IMX290LQR sensor. 
Designed to provide HD video for ‘machine vision’ 
applications, the sensor also turns out to be extremely 
well suited to astronomical imaging. The camera is 
available in colour (ASI290MC) or monochrome 
(ASI290MM), with or without cooling. This review 
covers the cooled mono version. 

The camera’s 1,936x1,096 pixel output is great for 
large targets such as the Sun and Moon, and also 
works well for ‘family’ shots of Jupiter and Saturn 
that include their brighter moons. The sensor at the 
its heart — the Sony IMX290LQR - also supports 
region of interest zoning, so you can restrict its 
output to a more conventional aspect if you so desire. 

Each pixel is 2.9m square. This is small 
compared to typical high frame rate cameras and 
raises issues over sensitivity and noise. Smaller 
pixels capture less light than larger ones, resulting 
in a lower signal and consequently a reduced 
signal-to-noise ratio. 


Thankfully, there are sensor characteristics that 
offset these issues. For example, the IMX290LQR 
uses back illumination. Most CMOS sensors in 
astronomical high frame rate cameras have the 
circuitry associated with each pixel in front of the 
photosensitive layer. A small proportion of incoming 
photons may be blocked or reflected by this design. 
In a back-illuminated sensor the layers are flipped 
during manufacture so the light blocking elements 
sit behind the pixel. This increases the amount of 
light captured, raising the signal-to-noise ratio. 


A question of scale 

One very noticeable effect of the camera’s small 
pixels is an increase in image scale. For a given 
setup the image produced on screen appears 
magnified compared to what youd see using a 
camera with larger pixels. This effectively allows 
you to get closer to your subject without the use 
of an optical amplifier, such as a Barlow lens. 
However, you need to be cautious if you do use 
optical amplification, as it’s easy to go over the 
top and reduce quality for no added benefit. > 


THE BOON OF BANISHING AMP GLOW 


During a recent review of ZWO’s ASI224MC cooled 
camera (October 2016) we felt that the image quality 
for long exposures was let down by significant amp 
glow. We are happy to report that this is not an issue 
with the cooled ASIZ290MM. A 60-second dark frame 
at 10 per cent gain showed no sign of amp glow at all. 
The camera has peak sensitivity around 590nm and its 
impressive infrared response remains better than 50 per 
cent peak sensitivity at 850nm, tailing off to around 14 
per cent peak sensitivity at 1,000nm. 

The ASI290MM is superb at Solar System imaging 
and certainly fast enough to catch those fleeting moments 
of good seeing that planetary imaging relies on. Its 
excellent red and infrared sensitivity makes it ideal for 
use with planetary filters that work at longer wavelengths. 

The cooling function helps reduce thermal noise 
during the longer exposures typical in deep-sky 
imaging. Our deep sky tests produced very clean 
frames, something that was confirmed by the clarity of 
our 60- and 120-second dark frames. 
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A 60-second dark frame 
at 10 per cent gain with 
cooling disabled 


The Orion 
Nebula, created 
from the 200 best 
74-millisecond 
frames of 4,000 
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CAMERA COOLING 


The ASIZ90MM has active cooling assisted by a fan 
and large heat sink that occupies two-thirds of the 
body. The sensor can be chilled to 35-40°C below 

ambient, but a 12V/2A power supply (not included) 
is required for this. Desiccant tablets reduce moisture 
and frosting in the sensor chamber. 


ST-4 GUIDE PORT 


The ST-4 compatible autoguiding port 
on the rear allows this device to be used 
as a guide camera when connected to 

a suitably equipped equatorial mount. 

A 2m guide cable is supplied. The 

camera's superb sensitivity means that 

it’s unlikely you'll be short of a guide star. 


USB 3.0 PORT 


The large pixel array and high frame rate of the 
ASI290MM necessitates a fast connection to its 
host computer. This is achieved by a USB 3.0 
interface at the rear of the body. A 2m USB 3.0 
cable is provided. The camera can be connected 
to a USB 2.0 port but its maximum frame rates 
will be greatly reduced. 
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The camera's sensor 

is protected by a 

clear anti-reflection 
optical window. This is 
screwed in place and is 
not intended for regular 
removal. The window 
provides a useful 
barrier against dust 
and importantly has 

no infrared-blocking 
characteristics. This 
allows you to use 

the camera to its full 
potential with the 
window in place. 


> The camera has 12-bit or 10-bit (high-speed) 
modes. The 12-bit mode produces the highest 
dynamic range (the most greyscale tones) and the 
lowest noise characteristics, and is the one 
recommended by ZWO for use with astronomical 
targets. The camera can operate at up to 170 frames 
per second (fps) for full frame 10-bit captures or 
128fps in 12-bit mode. In use, our mid-range laptop 
struggled to get over 90fps for 12-bit captures. Setting 
a smaller region of interest allows you to easily exceed 
these values. Using the high-speed setting appeared 
to produce vertical artefacts with our setup. 

Access to the mode settings and all other camera 
functions requires the use of third-party applications 
such as SharpCap or FireCapture (both free). In 
addition, ZWO provides the necessary camera 
driver via their website, with support for Windows, 
Mac OSX and Linux. 

We found this camera to be extremely sensitive, and 
excellent for both Solar System targets and deep-sky 
imaging. While imaging Uranus through a 14-inch 
Schmidt-Cassegrain, we increased exposure to one 
second to try and capture the planet’s moons. We were 
delighted to record all five of its brighter satellites 
together with two field stars, the dimmest of which 
was mag. +14.5. The banding seen on Uranus’s disc, 
meanwhile, is testament to the IMX290LQR 
sensor’s excellent red and infrared sensitivity. 

Its deep-sky prowess is due to its high sensitivity 
and low noise. Thermal noise can be kept in check 
by engaging the camera’s cooling option, but you do 
need a suitable 12V/2A power supply for this. It’s 
efficient too, reaching —20°C from an ambient 
temperature of 16°C in a little over 100 seconds. 

We were impressed that a 2,000-frame capture 

of the nebula M43 through our 14-inch Schmidt- 

Cassegrain revealed stars down to magnitude +16.0 

during 0.3-second exposures. The chip also supports 
2x2 binning to further increase sensitivity at the 

expense of resolution, reducing the 

full frame to 968x548 pixels. 


GSC 0613-0991 
(mag +14.5) 


* Oberon 


Miranda 


Umbriel 
Ariel § 


* Titania 


f 
Uranus 


GSC 0613-0806 (mag +13.4) + 


4 Uranus and its moons, along with a pair of faint stars 


4 M43, created from a series of 0.3-second exposures 


There’s no doubt that this is a strong contender 
when it comes to Solar System imaging, with 
excellent deep-sky performance too. The camera 
has an exposure range of 32 microseconds up to 
a maximum of 2,000 seconds, offering exciting 
opportunities for chasing smaller objects such as 
planetary nebulae or galaxies. @ 
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The camera's headline act is its Sony IMX29OLQR CMOS 
imaging sensor. The chip delivers an HD letterbox proportioned 
imaging area of 1,936x1,096 pixels (2.13 megapixels), each 

a tiny 2.9ym. Importantly for short-exposure high frame rate 
imaging, the camera has an impressively low read noise of 

just one electron at 30dB. 


Discover the Night Sky in Galloway 


Located near the UK’s first Dark Sky Park, we can give you a personalised guided 
tour of the wonders of our beautiful night sky. With our large 16" Newtonian 
telescope the views of the planets, star clusters and galaxies are truly spectacular. 


To learn more about the night sky or for help using a telescope our astronomy 
courses are for you. 


As a Skywatcher and Celestron dealer we offer free help and advice on buying a 
telescope. 


At the centre we also provide B&B style accommodation and evening meals. 


Our Stargazer Gift Voucher is a great gift at any time. 


Prices from only £26 pppn. Children and pets welcome. 
To book contact Mike Alexander: Craiglemine Cottage, Glasserton, Wigtownshire, 
Scotland DG8 8NE ¢ &¥F 01988 500594 e enquiries@gallowayastro.com 


www.gallowayastro.com 


NEW DISCOVERY-BLACK LIGHT 


@ Get in touch and | will send you a prism, free of 
charge, so you can see the two prisms of coloured 
light around your body. 

a How to bounce your own shadow on to your chest. 
Why is there no black or white in the rainbows? 

« Read how we are all connected to the sun 


Contact details: 
Email: jv.moloney@btinternet.com or 
write to JV Moloney, 8 Mayflower 
Way, Farnham Common, Bucks, 
SL2 3TX 


AWR TECHNOLOGY [0g 
[cctingy V] 


See us on stand 47 at 
ASTROFEST 10/11 Feb 2017. 


GOTO for PUSH-TO scopes as 
at Royal Observatory Greenwich 
Mount, Portable Pier, electronics 
test equipment, Sidereal Clock, 
Drive Systems and GOTO’s. 


01304 365918 
www.awrtech.co.uk 


ADD A NEW 
DIMENSION TO 
YOUR IMAGING 


With the 
STAR ANALYSER 


High quality spectroscopic gratings | Used like standard 1.25” filters 
designed specifically for ease of use 


with webcams, video and CCD imagers. Choice of 2 models, starting from 


£97.30 


These simple devices make a perfect 
introduction to the fascinating world 
of spectroscopy, revealing the hidden 
information contained in the light from 
stars and other objects. 


See our website for more information 


www.patonhawksley.co.uk 


Holiday under some of the « darkest skies in Engla nd 
Astronomy as it should be! : 
Observe the night sky at its best & 
with our observatory based 50cm | 
Dobsonian, or image with a dome 
based, equatorial mounted, 18cm iy 
Maksutov-Newtonian. 

Enjoy comfortable, self catering 
family accommodation. Located 
close to the North Devon coast, 

this is a wonderful all year round & 
holiday destination. Dark skies, 
clear southern views and great 
countryside. All levels of interest [nye 
are welcome. Visit our website for Iee 
details or phone 01409 241719 § 


www.AstroAdventures. cali 


Increase the efficiency of your 
reflector by up to 25% 


Our HI-LUX coating can be applied to almost any 
reflector, in virtually any condition or no matter how 
old. Improves the reflective efficiency of your mirrors. 
Find out more on 
our website: Optics > 
Mirror Recoating 
or call / email 


ORION optics uk 


tech enquiries: john@orionoptics.co.uk 


Telephone 01782 614200 
www.orionoptics.co.uk 


ae 


High Reflectivity 
Coating 


~inamo 


marketplace 


HUNDREDS OF DESIGNS 
ONE PLACE 


www.minamo.co.uk 


i c e See our website 


si aa ee TT ge hay for full details 
| y, { | | i 

Over time, your telescope will benefit from a 

General Service. We offer you the opportunity mechanics 

to help you look after your telescope, regardless 

of it’s make or age and keep it in tip-top and 

condition. There are many telescopes on the optics 

market but all will perform checked cin 

tech enquiries: john@orionoptics.co.uk 

Telephone 01782 614200 

WwWwvyy.orionoptics.co-.uk 


much better with regular 
service and 
FIND THE TELESCOPE SERVICE LINK ON ALL PAGES 


maintenance. 


ORION optics uk 
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Books 


New astronomy and space titles reviewed 


Hidden Figures - , 


Margot Lee Shetterly 
William Collins 
£16.99 @ HB 


NASA's ‘giant leap for mankind’ isn’t 
just an apt comment on the incredible 
technical and scientific goal of reaching 
the Moon: as this book makes clear, 

it’s also relevant to that organisation’s 
contribution to improving social 
equality in the US. 

Hidden Figures tells the never before 
documented tale of how NASA (and its 
predecessor NACA) employed teams of 
female African American mathematicians 
as human ‘computers’ from the 1940s 
onwards. What is even more surprising is 
that these women were recruited to work 
alongside white male engineers and 
scientists in Langley, a town in West 
Virginia, which was one of the most 
racially segregated states in the 
country. In this part of the 
US racist ‘Jim Crow’ laws 
confined every aspect of 
the lives of African 
American people. 

So, how did this 
situation come about? 
Shetterly tells the tale 
of these remarkable 
women (she concentrates 
on four in this book but 
estimates there were more 
than 50 altogether) and how 
they obtained college degrees 
in maths before working as 
teachers. During the Second 
World War scientists and mathematicians 
were in short supply, and NACA realised 
that the African American women right on 
its doorstep were more than qualified to 
do the calculations required for developing 
the new generations of planes and later, 
once the Space Race took off, spacecraft. 

Initially the workplace at NACA was 
segregated but soon the barriers started to 
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Katherine Johnson, NASA 
employee, mathematician 
and physicist, in 1966 


MARGOT LEE 
SHETTERLY 


HIDDEN . 
FIGURES 


T 


fall. For example Shetterly details the 
battle fought and won by the women to 
sit where they wanted in the canteen. As 
with the earlier generation of female 
‘computers’ hired at Harvard, these 
women were not just button-pushers, 
they contributed fully to the demanding 
and rigorous technical work. 
The book excels when it 
details the minutiae of 
these women’s lives 
in the wider social 
context both before 
and after they 
seized the 
opportunity to 
work at NACA/ 
NASA. More 
discussion of the 
technical aspects 
of the women’s 
work would have been 
interesting, but overall 
this is a fascinating and 
important document 
about a hitherto unknown impact of 
NASA's endeavours. 
A film adaptation of the book, also 
called Hidden Figures, will be in UK 
cinemas from 24 February. 
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PIPPA GOLDSCHMIDT is an astronomy 
and science writer 
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TWO MINUTES WITH 
Margot Lee Shetterly 


How did you 
> come across this 
untold story? 

My father spent his 
VJ career working as a 

research scientist at 

NASA-Langley in Hampton, Virginia, where 
the story takes place. The women | write 
about lived in our community; they were 
my father’s colleagues as well as friends 
and neighbours. | was fortunate enough 
to see them as ‘normal’ people: no 
inconsistency between their identities as 
women, African Americans and scientists. 
But my husband's surprised reaction to 
my father talking about the women and 
work they did made me realise what an 
unusual story this is, so | began tracking 
it back to its origin. 


Do you think there is still a problem 
with regards the representation of 
women in science? 

Yes. While we're still trying to figure out how 
to increase the number of women in the 
pipeline for science careers, we also need 
to open our eyes to the women who are 
already in the industry. Even with the strides 
that women have made over the past 50 
years, most of us still associate ‘scientist’ 
with someone who looks like Einstein. 


What is the Human Computer Project, 
and how did you come to found it? 

| was surprised at just how many women 
had worked as mathematicians and 
computers over the years, many more 
than I’d ever be able to include in my 
book. The Human Computer Project's 
mission is to recover the names and 
work of all of the women who worked 
at NACA-NASA installations. 


MARGOT LEE SHETTERLY is the founder 
of the Human Computer Project 


Stargazing 


Beginners Guide to Astronomy 


Radmila Topalovic and Tom Kerss 
HarperCollins 
£9.99 @ PB 


Given this book’s title, 
you might expect the 
contents to be limited 
to the activity of 
stargazing itself, but 

this guide offers much 

more than that. 

The book opens 
with an introduction 

to the night sky, its objects and its phenomena, 
in which the authors present an enormous 
amount of valuable information, albeit 
tersely because of the space available. 
Unfortunately, a few niggles have crept in 
here: it offers the easily refuted ‘foreground 
object comparison’ explanation of the 
Moon illusion and suggests that averted 
vision is used “to overcome the blind 
spot”. It gives ‘minor planet’ and ‘asteroid’ 
as separate classifications; perhaps the 
IAU object classifications would have 
been more advisable. 


The real strength of this book is its sections 
on observing. These range from choosing 
your observing site, through naked-eye 
stargazing to the use of binoculars, telescopes 
and cameras. You are shown, with the aid 
of charts, how to observe anything from 
nearby satellites to distant galaxies. The 
object suggestions include a good variety 
of both easy and challenging targets for 
northern and southern hemisphere observers. 

But while the colourful photographic 
illustrations of nebulae are attractive, they 
may be misleading to beginners, since the 
eye cannot integrate light as the camera 
does and, with few exceptions, we see deep- 
sky objects in monochrome. The same 
applies to the implication that binoculars 
will show the pink star-forming regions of 
NGC 2403 —a spiral galaxy. 

Jam-packed with useful information 
and advice, this is an attractively produced 
resource for modern beginner stargazers. 


kkk 


STEPHEN TONKIN is an experienced 
astronomer and writes our binocular tour 


All These Worlds Are Yours 
The Scientific Search for Alien Life 


Jon Willis 
Yale University Press 
£18.99 @ HB 


We’ve all heard the 
argument before: 
with the seemingly 
unlimited expanse of 
the cosmos, Earth 
surely can’t be the 
only planet to 
harbour life. That 
being said, the 
scientific pursuit of extraterrestrial life, 
or astrobiology, is vast, complex and 
unnervingly youthful. 

But its youthfulness doesn’t mean that 
no progress has been made. Indeed, the 
past few decades have put astrobiologists 
in the throes of a renaissance. It is timely, 
then, that Jon Willis has sought to explain 
the entire gamut of the field of astrobiology 
for lay readers. 

After dealing with the eternal 
conundrum of ‘what is life?’ we take a 
useful tour of the Solar System, seeking 


out habitats conducive to the emergence 
of life and examining how we might 
investigate them. An entire third of the 
book is devoted to just four locations: 
Mars, Europa, Enceladus and Titan. 
Turning our gaze to the stars, we 
investigate exoplanets and consider the 
thorny problem of detecting indicators of 
life on these distant worlds. In the final 
few chapters the author discusses SETI and 
the societal implications of the discovery 
of extraterrestrial life. Each chapter is 
authoritative, accessible and fun and 
together they form a skillfully executed 
and entertaining book. 

At the outset, Willis presents us 
with an interesting scenario. If we had 
$4 billion in our pockets for an 
astrobiology experiment, what would 
we spend it on? After reading this book, 
the reader would be well placed to make 
a good judgment. 


ton 


ALASTAIR GUNN is a radio astronomer 
at Jodrell Bank Observatory in Cheshire 
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Amazing 
Stories of the 
Space Age 


Rod Pyle 
Prometheus Books 


£17.50 @ HB 


Amazing Stories 
takes us on a highly 
readable journey 
to a time when 
American military 
agencies wanted to 
equip astronauts 
with guns and put 
soldiers on the Moon. Author Rod 
Pyle details an astonishing scheme to 
build a lunar missile base and shows 
how close NASA's Gemini capsules 
came to being hijacked by the 
military to support a manned spy 
satellite. We learn about the 
weapons carried by Russian crews 
and marvel at the pellet pistols and 
other exotic space guns designed for 
American astronauts, until NASA’s 
increasing stature as a civilian 
agency dampened down the 
militarism that threatened to 
dominate the early Space Age. 

More peaceably, NASA had a 
scheme for sending astronauts 
around Venus and Mars in the 1970s 
using Apollo hardware augmented 
with a nuclear rocket, which could 
have worked. Pyle explores many 
other projects that came close to 
fruition such as the Soviet Buran 
shuttle, which flew only once and 
looked suspiciously like NASA‘s. 

Pyle proves that events in space 
over the last 50 years could have 
been very different and far more 
sinister: there was nothing inevitable 
about Apollo’s peaceful path to the 
Moon. The text is reinforced with 
illustrations along with plenty of quotes 
from official archive documents, some 
of which have only recently been 
declassified. This is a must-have book 
for space fans. 


».0.0. 0.0.4 
PIERS BIZONY is the author of 


The Space Shuttle and other 
books on spaceflight 
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Gear 


Elizabeth Pearson rounds up the latest astronomical accessories 


~~ 


1 Black + Blum Box Appetit 
Thermo Flask 


Price £14.95 © Supplier Hurn & Hurn 
01603 559250 © www.hurnandhurn.com 


Keep a toasty drink on hand during frosty 
observing sessions with this flask. It can keep 
liquids warm for up to eight hours and hold 
up to 350ml. The lid doubles up as a cup. 


2 Explore Scientific 8x50 90° 
PolarFinder and Amici Prism 


Price £161 © Supplier Telescope House 
01342 837098 © www.telescopehouse.com 


Polar align your scope and mount easily with 
the help of this finderscope. The LED reticule 
is illuminated its brightness can be adjusted. 


3 Cerberus Case 
Price £85 © Supplier nPAE 
0115 837 1049 © www.npae.net 


Crush-proof, dust-proof, watertight and impact 
resistant, this case is designed to keep your kit 
safe while travelling. It has a foam interior 
and a carrying capacity of up to 60kg. 


4A Sky-Watcher Star 


Adventurer Mini Wi-Fi 


Price £189 © Supplier Widescreen Centre 
01353 776199 © wwwwidescreen-centre.co.uk 


Take long exposures with your DSLR camera 
blur-free with this tracking mount, which can be 
controlled via your smartphone. Its compact 
design can support payloads of up to 3kg. 


5 Star Chart 


Price From £3.99 © Supplier Escape Velocity Ltd 
www.escapistgames.com/apps.html 


Keep the stars in your pocket with this app. The 
star chart is packed with 120,000 stars and 
deep-sky objects, while the explore mode lets 
you fly through the Solar System. It’s available 
for several mobile, desktop and VR devices. 


6 Galaxy Foldable Umbrella 
Price £27.94 ¢ Supplier ecrater 


www.ecrater.co.uk 
Even if the rain rolls in, you can still keep 


stargazing thanks to this umbrella, decorated 
with the image of a spiral galaxy. 
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Stockists of 


» OSTARA/ Visionary ‘SoLivon’ _ «crtss) jorrix 
irar-Sighté z 


Astronomy Centres 
LOW PRICES 


we'll match any genuine web price! 


Visionary 


ek rv oa £28.99 


Good optics and | ral lent value for money. 
asic styling with rubber armour £29.99 
Ke GL 10x50 
rong g and sturdy binocular - excellent value. 


Grea t tor ol for viewing the all gnt sky ata great p price. £34.99 
> “Elinor 10x50 


B, AK 4 iss isms, Ful iy Sated watt proc i 


AW Eo hre re 


fOocuUS Sy 


s leant the 


£279.99 @! \t ! 29.99 


optics sata great price’ 
binoculars featuring 


BAK4 prisms, fully coated lenses, 
Long eye relief, rubber armour body. 


SWA 26 e 9.99 aie eS Tics ae rn ae =éC| | ce £69.99 
WA : Ey — Fs £99.99 
=, pair for larger binoculars £19. HD 10x50. ees 
Many more filters and accessories HD 12x60....£89.99 

We stock T2 mounts in stock, great prices! HD 15x70....£99.99 
HD 20x80.£149.99 

HD 20x80T .£249.99 


— 


HUGE RANGE 


of eyepieces and 


C learview) Clearview Binoculars: Four Square ee Mapplewell. S75 6GG. Tel 01226 383736. accessories 
BINOCULARS www.clearviewbinoculars.co.uk caiiers very welcome, please check website for opening times 
, | Binocular Outlet: 01162 430 967, Check our website and visit us on shows and events throughout the UK: _ The Far-Sighted binocular company 
Bin cular ee pr : a ¥ is a group of independent specialist 
utleticouk www.binocularoutlet.co.uk optical goods suppliers. For more 
5 information please visit 
A ey Objective Optics / D & E Hughes: Tel: 01758 613 291, 24 Penlan Street, Pwllheli, Gwynedd LL53 5DE — www far-sighted.co.uk 


Objective Optics 
Binoculars, Telescopes. Astronomy 


Jur JM Optics: Denby Dale Road, Durkar, Wakefield. Tel 01924 763056 E: info@jmoptics.co.uk 


opjectiveoptics.co.uK 
z Offers are subject to availability and 
at participating outlets only. Prices 
and specifications are subject to 
Callers very welcome - by appontmet only, call to arrange your visit change without notice 


7 The Army Sane Store: 01297 23867, High Street, Totnes, Devon, TQ9 5NN 
ARMY 2 


).thea nj ss pluss re. | 
SURPLUS STORE 
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WHAT | REALLY WANT TO KNOW |S... 
What causes a comet's outbursts? 


Jordan Steckloff is investigating how dusty avalanches 
could cause comets to eject plumes from their nuclei 


INTERVIEWED BY PAUL SUTHERLAND 


omets are unpredictable bodies as 
amateur astronomers know. They 
can often fail to live up to 
expectations. But at other 
times, a faint comet will suddenly 
flare in brightness. A famous 
example is comet 
Schwassmann-Wachmann 1, 
which experiences several 
outbursts a year. 

When you look at a 
comet’s head, you are 
really seeing a cloud 
surrounding it, known 
as the coma. Rapid 
brightening of this coma 
can result from the 
nucleus ejecting transient 
plumes of material into 
space, which reflect sunlight. 

A few space missions have 
seen these plumes up close, 
including ESA’s recent Rosetta 
mission to 67P/Churyumov- 
Gerasimenko, which saw many geyser- 
like outbursts coming off the nucleus. 

There have been a lot of ideas to explain these 
outbursts. Some suggested that if these looked like 
geysers, then perhaps they were geysers. But there 
are some physical problems with such an explanation 
— mainly, where the energy comes from to drive such 
eruptions. We find geysers on Earth, for example in 
Iceland or New Zealand. There you have a huge heat 
source of really warm material below the surface. Water 
seeps down, gets heated by this hot material, boils and 
eventually shoots through the surface as a geyser plume. 


No Earth analogue 


That model doesn’t seem to work with comets because 
they’re just too small. They don’t have a core, a mantle 
or similar processes to Earth. Comets get their energy 
from the Sun and are heated from the top down, not 
bottom up. So the question has always been how do 
you get energy from the surface down to the interior. 
I’ve been working on an alternative idea, that 
maybe this isn’t an interior process at all. Perhaps it 
is just something happening right at the surface 
where the solar heat hits the comet. When Deep 
Impact encountered Comet Hartley 2 in 2010, the 


There’s no chance that a 
comet's plumes could be 
powered in the same 
manner as Earth’s geysers 
— they are simply too cold 


ABOUT JORDAN 
STECKLOFF 

Dr Jordan Steckloff is an 
Associate Research 
Scientist at the 
Planetary Science 
Institute, with a special 
interest in the structure 
and behaviour of comets 
and other icy worlds. 
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spacecraft observed that jets from the comet did 
not seem to come from holes in its surface. 
So I began trying to figure out how we 
get jets to come from a flat surface. 
I was fascinated by an observation 
of comet Tempel 1 in 2005 
—also by Deep Impact — that 
the jets came from the side 
of a cliff. It reinforced a 
connection between comet 
jets and collapsing cliffs 
that had been suggested 
to occur on comet Borrelly 
by the Deep Space 1 
mission in 2001. 
I developed a model 
with a dust-rich layer on 
the top of a comet’s icy 
interior. If you have a cliff, 
then the dust layer sits above 
exposed ice. We found that 
when the Sun shines on the cliff 
you get jets coming off the side as 
ice turns directly into gas (sublimates) 
to form a weak breeze. If the dust layer on 
top becomes unstable, it may avalanche into 
this breeze, and get blown off the surface, forming 
an outburst. On 67P/Churyumov-Gerasimenko we 
saw evidence of such avalanches. And at the base of 
these cliffs we saw ice-rich boulders giving off gas. 

A comet is a low-gravity environment, so when an 
avalanche falls, the dust is only travelling at about 
0.3km per hour. If you were skiing on a comet, an 
avalanche wouldn't hurt you. But as the material 
enters the region of outgassing, the dust grains tend 
to get blown in the same direction, producing a geyser- 
like feature for a few minutes or tens of minutes. 

Interestingly, I did not produce my model to fit 
what was observed on comet 67P. Rather, the comet 
helpfully matched the model Pd already produced 
in 2012. That never usually happens in science! 

I now plan to find out if we can use this mechanism 
to explain what we see on other comets, such as 
Schwassmann-Wachmann 1. My long-term goal is 
to understand how these outbursts are connected 
with the geology and shape of a comet’s nucleus. 
Then we might be able figure out what is happening 
on the surface of these distant bodies without 
actually having to visit them. @ 


‘Telescope House 


Telescope 


va 
¢ 


\ 


Dobsonians are the 
best value visual telescopes ui 
* available - visit our Showroom “a y 
sf 


to see a large range ae 
of these telescopes mn 


relation 


Camera 


Telescope House 
are TeleVue Star 
Dealers. We always 
have a full range 

of their Ploss!, 
Panoptic, Delite 
Delos & Ethos 
eyepieces on 
wil display & ready to 
test at our 

Starborough showroom 


The ultimate in 
high quality 
ultra-portable refractors. The 
performance of this scope belies 

its size. Test it out at our showroom 


96 i7/ 


Telescope House stock the 


largest range of Lunt H-Alpha 
Solar telescopes in the UK. 


SKY) 
q We actively encourage you 
Excellent to vist our Starborough Farm 
pressure-tuned Showroom to test out these 


portable Solar Scope remarkable instruments 
- weather permitting! 


Image 
through 
telescopes 
and binoculars 

with the Bresser =a 
Universal Smartphone Adapter Just £63: 
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© THE SOUTHERN HEMISPHERE 
we IN JANUARY 


With Glenn Dawes 


WHEN 10 USE THIS CHART 


1 JAN AT 00:00 UT 


The chart accurately matches the sky on the dates and times 
shown. The sky is different at other times as stars crossing it set 


15 JAN AT 23:00 UT 
31 JAN AT 22:00 UT 


JANUARY HIGHLIGHTS 
Conjunctions between Venus and the 
oy Moon are impressive and there are two 
this month. In the western evening sky on 
the 2nd, the Moon is 2.5° from mag. —4.0 
Venus, while the 31st sees them separated by 
5°. Comet 45P/Honda-Mrkos-Pajdusakova 
is also visible in the early evening sky, with a 
maximum brightness of mag. +7.0. On the 
1st the comet is 15° to the lower left of Venus, 
setting around the end of twilight. Having 
the thin crescent Moon nearby is not ideal 
but the comet may still be visible in binoculars. 


THE PLANETS 


© Venus, Neptune and Mars are low in 
the western evening sky, departing 
shortly after twilight ends. Mars and Venus 
= travel together this month, setting around 
§ 20 minutes apart. Venus also closes in on 


wi 


2 Neptune, appearing to be only 0.4° away 


D 


DEEP-SKY OBJECTS 

Through binoculars, mag. +4.4 Tau 

(t) Canis Majoris (RA 7h 18.7m, dec. 
—24° 57’) looks quite hazy, but a small scope 
reveals its true nature. It is a multiple star 
with three obvious components of mag. 
+4.4 (A), mag. +10.2 (B) and mag. +11.2 
(C), forming an almost straight 
line. Tau A and B are separated 
by 8.6 arcseconds and 


+1.8 Wezen (Delta (6) 


CHART KEY 


GALAXY 


OPEN CLUSTER 


GLOBULAR 
CLUSTER 


PLANETARY 


NEBULA NS 


CHART: PETE LAWRENCE, IMAGE: BERNHARD HUBL/CHRISTOPH KALTSEIS/ WOLFGANG LEITNER/HERBERT WALTER/CCDGU 
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DIFFUSE 
NEBULOSITY 


® DOUBLE STAR 
O VARIABLE STAR 


COMET TRACK 


four minutes earlier each night. We've drawn the chart for 
latitude -35° south. 


STARS AND CONSTELLATIONS 

Orion is in the northern evening sky, 
y) followed by his two hunting dogs, the 
most prominent represented by Canis Major. 
As well as being the brightest star in the 
Greater Dog and the entire sky, Sirius (Alpha 
(a) Canis Majoris) is also a challenging 
binary. At mag. —-1.5, its glare swamps its 
close mag. +8.5 companion, Sirius B. 
Although still difficult, the next 10 years 
will see the stars reach their maximum 
separation of 11 arcseconds, a situation 
that will not reoccur for 50 years. 


on the 12th. Uranus sets just before midnight, 
around the time Jupiter rises. Saturn rises 
around 03:00 EST (mid month). Mercury 
has a reasonable return to the morning 
sky, rising around the start of dawn for 

the second half of January. 


Canis Majoris). A compact star cluster, 
NGC 2362 (pictured), surrounds Tau 
Canis Majoris. It is only 3 arcminutes 
across and is comprised of around 50 
mostly 10th-magnitude stars. 


Look 5° southeast to find 
similarly bright star HR 2948 
(RA 7h 38.8m, dec. —26° 48’). 


Tau A and C by It is a brilliant double of 
14.2 arcseconds. Find matched mag. +4.5 white 
them northeast of mag. components, a comfortable 


10 arcseconds apart. 
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‘eo Performance 
> a web 


SRY-W ato ’ Precision and Value 


Sky-Watcher is a First-Class telescope brand we an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical 
engineering, resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 


& EXF 130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


¢ Magnifications (with optics supplied): x36, x72, x90, x180 © Highest Practical Power (Potential): x260 * Diameter of Primary Mirror: 130mm 
* Telescope Focal Length: 900mm (f/6.92) Eyepieces Supplied (1.25): 10mm & 25mm _ «x2 Barlow Lens »* 30% more Light Gathering than 114mm 
¢ R.A. Motor Drive With Multi-Speed Handset (Explorer-130M only) * Red Dot Finder *£Q2 Equatorial Mount ¢ Aluminium Tripod with Accessory Tray 


PARABOLIC REFLECTORS - PREMIUM FEATURES 
Both the SKYHAWK-1145P & EXPLORER-130P models below offer excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premium quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays 
to a perfect focus, on axis. In addition they feature 0.5mm Ultra-Thin secondary mirror eae, to 
reduce diffraction spikes and light loss. 


1145P 114mm (4.5") F/500 
PARABOLIC NEWTONIAN REFLECTOR TELESCOPE 


* Magnifications (with optics supplied): x20, x40, x50, x100 
Highest Practical Power (Potential): x228 

¢ Diameter of Primary Mirror: 114mm 

* Telescope Focal Length: 500mm (f/5) 

¢ Eyepieces Supplied (1.25"): 10mm & 25mm 

¢ x2 Barlow Lens » Parabolic Primary Mirror 

¢ 0.5mm Ultra-Thin Secondary Mirror Supports 

* Red Dot Finder Prod.Code 10709 
¢ EQ1 Equatorial Mount 

* Aluminium Tripod with Accessory Tray q +34 4 } ! 

¢ 125% more Light Gathering than 76mm : 


“The optics were so good... Captures star clusters and brighter 
nebulae beautifully... The planet (Saturn) was jaw-droppingly 
beautiful, with a host of fine detail visible... The review 


instrument certainly delivered in every important respect.” / 
BBC Sky at Night Magazine J 
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130mm (5.1") F/650 PARABOLIC NEWTONIAN 
REFLECTOR TELESCOPE 


* Magnifications (with optics supplied): x26 & x65 
¢ Highest Practical Power (Potential): x260 
¢ Diameter of Primary Mirror: 130mm 
* Telescope Focal Length: 650mm (f/5) 
¢ Eyepieces Supplied (1.25"): 10mm & 25mm 
e Parabolic Primary Mirror 
f ¢ 0.5mm Ultra-Thin Secondary Mirror Supports 
2 * Red Dot Finder » EQ2 Equatorial Mount 
g ¢ Aluminium Tripod with Accessory Tray 


“ * 30% more Light Gathering than 114mm 


Explorer-130 Model 


EXPLORER-130 
(Without R.A. Motor Drive) 
Prod.Code 10922 


Explorer-130M 
Model illustrated 


EXPLORER-130M 
(With R.A. Motor Drive) 
Prod.Code 10713 


Every class of object we viewed could 
be seen clearly... Taking everything into 
account, this telescope made observing 
the night sky enjoyable... great views 
coupled with ease of use. 

BBC Sky at Night Magazine 


Prod.Code 10712 


— COMPREHENSIVE COLOUR CATALOGUE with 
bre El ed Sky-Watcher Full Details of our EXTENSIVE PRODUCT RANGE 


“| have used a great number of as well as Helpful Information & Advice 
telescopes; some are good, some 


mediocre and some bad. To me the 
Sky-Watcher range of instruments Order Your FREE Cony Today 

a are very good indeed, & suited to 
amateurs of all kinds - and they are 
not priced out of the market! : 
Excellent value : | i UN 
Use them and enjoy them.” 
Sir Patrick Moore CBE FRS (1923-2012) 


Our Products are Available from Dealers throughout the UK ov) Please contact us, or Check our Website for your Nearest Stockist 


OPTICAL VISION LTD Importers and Distributors of Sky-Watcher 
UNIT 3, WOOLPIT BUSINESS PARK OPTICAL VISION LIMITED i i 


Astronomical Telescopes, Helios, Acuter, 


‘| was most impressed by the views revealed by the ‘scope 
during tests... Despite a phase of nearly 96 percent, the 
waxing gibbous Moon revealed a seemingly inexhaustible 
amount of fine detail... Highly recommended! 

Astronomy Now Magazine 


WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 9UP www.barrandstroud.com and ‘Zenith' Microscopes. 


